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SUMMARY 


A  feunily  of  reconnalsef  nee  satellites  is  proiwseA  whi  eh  vfoiild  provide 
both  early  and  continuing  photographic  Aeconnaissance  capability  in  augmen¬ 
tation  of  the  WS-llYL  program.  The  systems  proposed  differ  substantially 
from  the  current  117L  concept; 

1.  The  proposed  systems  use  a  spin-stabilized  payload  stage. 

2.  They  use  a  transverse  panoramic  camera  of  essentially  conventional 
design,  fixed  to  spin  with  the  final  stage,  which  scans  across 
the  line  of  flight. 

5.  The  entire  payload  stage  is  recovered. 

The  first  member  of  this  family  uses  a  12-ln.  camera,  carrying  5OO 
feet  of  5-ln.-wide  film.  The  extremely  short  exposure  time --1/4000  sec — 
eliminates  the  need  for  precise  altitude,  exact  image-spaed  synchronization, 
difficult  vehicle-camera  performance,  and  extensive  monitoring  and  adjusting 
of  the  camera  system.  The  system  will  provide  sharp  photographs  of  about 
60-ft  ground  resolution.  Each  exposure,  covering  some  50O  miles  across  the 
line  of  flight,  will  photograph  some  18,000  sq  ml.  The  500-ft  roll  will 
cover  some  4,000,000  sq  ml  (almost  half  of  the  U.8.S.R.)  and  show  major 
targets,  airfields,  lines  of  communication,  and  urban  and  industrial  areas. 
The  satellite  which  should  weigh  about  JOO  lb  could  be  placed  in  a  polar 
orbit  at  142  +  47  miles  altitude  by  a  combination  of  rockets  such  as  Thor, 
plus  a  Bfecond-stage  Vanguard,  plus  a  thlrd-ctase  small  solid-rocket  similar 
to  Vanguard's  third  stage.  A  one-day  operation  is  envisaged,  v?.th  recovery 
of  the  satellite  by  command  firing  of  a  braking  rocket  on  the  l6th  pass, 
so  that  it  would  Impact  In  a  predictable  ocean  area. 
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Thle,  the  first  proposed  system,  la  the  easiest  to  build  of  the  several 
possibilities;  it  could  be  followed  by  similar,  but  more  sophisticated 
systems  using  longer  focal-length  cameras  and  larger  film  loads.  These 
advanced  systems  would  provide  much  more  detailed  reconnaissance  over 
larger  areas  than  the  early  system.  Availability  of  the  first  system  is 
believed  to  be  about  one  year  from  the  date  of  contract. 

The  'later'  systems  could  utilize  36  in.  and  120  in.  lenses,  as 
described  in  this  report'.  Based  on  experience  with  many  other  Research 
and  Development  projects,  it  Is  suggested  that  these  systems  be  built  in 
this  order,  for  attcmpto  to  build  the  most  sophisticated  syetem  would 
require  building  the  simpler  systems  anyway  and  labeling  them  scale  test 
models . 
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PREFACE 

This  reaeurch  msmorand>im  la  the  product  of  a  feaelblllty  atudy  under¬ 
taken  by  several  members  of  the  RAND  technical  staff.  The  basic  idea 
of  using  a  spin-stabilized  panoramic  camera  in  the  manner  described  herein 
was  developed  by  H.  E-  Davies  In  the  spring  of  1957-  Others  who  contri¬ 
buted  in  their  special  technical  fields  are  listed  in  the  table  of  contents. 

The  atudy  presents  a  concept  of  photographic  reconnaissance  for 
which  satellites  appear  eminently  suited^  and  a  preliminary  design  of  the 
first  member  of  this  reconnaissance  satellite  system,  based  on  hardware 
now  available  or  which  could  be  available  in  the  near  future.  The  choice 
of  epeclflc  design  parameters  and  methods  of  operation  must  be  determined 
on  the  basis  of  further  engineering  studies.  There  is  nothing  unique  or 
limiting  in  the  choices  of  lens  focal  lengths  or  film  payloads. 

For  the  reason  noted  in  the  Summary  (p.  iv),  design  of  the  more 
complicated  systems  has  been  largely  ignored  in  this  report.  However, 
optical  and  camera  designs  are  available  to  meet  the  essentially  conser¬ 
vative  specifications.  Detailed  design  of  advanced  versions  of  the  type 
of  satellite  proposed  must  be  postponed  until  certain  concepts  have  been 
tested  with  simpler  systems. 

For  example,  for  purposes  of  proposal  and  calculation,  an  interesting 
alternate  to  the  first  system  (the  12-i.'i.  focal  length--l-0  lines/mm-- 
l/UOCXDth  8ec--Plu8  X  Aerecon  combination)  would  start  with  an  existing 

Baker  24-in.  f/^.O  telephoto  lens,  easily  capable  of  100  lines/mm  on  a 
microfile  emulsion,  with  exposures  at  l/lOOO  sec.  These  numbers,  and 
this  system,  would  yield  a  ground  resolution  five  times  better  than  the 
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preceding  It-in.  8yeteffi--a  ground  resolution  of  12  feet!  Exercise  of  this 
option,  however,  and  exploration  of  this  possibility  with  its  tighter 
tolerances,  should  follow,  not  precede,  testing  of  the  simplest  possible 
system.  For  this  reason,  no  further  mention  of  this  otherwise  intriguing 
poBslbillty  la  made  In  this  report.  There  are  other  and  Important  aspects 
of  any  reconnaissance  system  which  are  not  treated  in  this  report,  e.g., 
the  required  accompanying  ground  handling  system,  the  way  in  which 
measurements  can  be  made  from  panoramic  photography,  and  related  questions. 
These  are  all  legitimate  topics  for  subsequent  investigation  and  detailed 
discussion. 

Following  many  paragraphs  in  the  body  of  the  text,  there  ara  references 
to  various  appendixes.  These  are  intended  to  clarify  or  develop  specific 
remarks.  Each  appendix  has,  for  editorial  purposes,  been  treated  separately; 
bibliographical  references  and  other  supporting  data  are  therefore  given 
at  the  end  of  each  appendix. 
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I.  INTRODUCTION 

This  pieF.orand'jm  describes  a  reconnaissance  satellite  syst,eF.  that 
vjould  crovide  an  early  and  continuing  photographic  reconnaissance  capa¬ 
bility  in  auprientation  ol  the  WS-117L  program.  Relatively  simple  in 
operation,  the  system  would  u  se  a  camera  ci  es.'  entially  conventional 
design  in  a  comparatively  unsophisticated  orbiting  vehicle.  A  launching 
dai.e  about  one  year  Ir  m  the  date  oi  contract  is  contemplated.  The 
system  will  produce  pictures  of  a  scale  and  resolution  that  will  yield 
valuable  intelligence  iniormation  about  large  areas  of  the  Soviet  Union. 

Sections  TT  through  '/II  below  discuss  the  reconnaissance  satellite 
mission,  the  camera  proposed  for  the  system,  the  means  for  placing  it  in 
orbit  and  recovering  the  lilm,  the  intelligence  payolf,  and  linally,  the 
growth  potential  oi  tliis  system  considered  as  the  first  of  a  series  of 
similar,  but  more  advanced,  reconnaissance  satellites. 
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II.  RSCOMiAiaSAtiCE:  KEEPS  AMD  MEMS 

It  is  acknowledged  that  there  Is  a  need  for  better  military  intel¬ 
ligence  on  the  USSR  and  that  aerial  photography  is  a  preferred  means  of 
collection.  For  one  thing,  the  area  occupied  by  the  Soviet  Union  and 
its  political  aatellltes  la  very  large  and,  for  the  most  part,  inacces¬ 
sible  except  by  overflight.  Secondly,  in  the  immediate  future  it  will  be 
vital  for  tis  to  know  a  great  deal  about  the  patterns  of  use,  Inatallatlon, 
and  concealment  of  Soviet  ICBM'e.  Finally,  it  ia  easentlal  that  we 
have  detailed  information  from  time  to  time  on  aircraft-mlseile  phhsing 
in  the  Soviet  Union.  We  must  know  the  character  and  con^osition  of  these 
major  threats  to  our  lives  euid  security. 

In  describing  airborne  photographic  reconnaissance  systems,  it  is 
convenient,  by  way  of  developing  an  operational  concept,  to  think  in 
terms  of  four  levels  of  reconnaissance:  A,  B,  C,  and  D. 

Level  A  provides  large-area  search,  measured  in  miUions  of  sipsare 
miles .  Level  B  is  limited-area  search,  measured  in  hundreds  of  thousemds 
of  square  miles .  Level  C,  specific— point-objective  photography,  is 
measured  in  hundreds  of  square  miles.  And  Level  D,  tectualcal-intelligence- 
objectivo  photography,  provides  coverage  in  blocks  tens  of  square  miles 
or  lees  in  size. 

The  reconnaissance  satellite  system  proposed  permits  us  to  progress 
systematically  from  Level  A  toward  Level  D  in  a  series  of  system  ln®rove— 
ments .  The  basic  systems  will  enable  \xa  to  cover  miUlons  of  square  miles 
of  the  Soviet  Union  giving  us  photographs  of  such  a  scale  and  resolution 
that  significant  intelligence  infonnatlon  can  be  obtained.  Such  missions 
can  be  repeated  from  time  to  time  to  reveal  new  developments  in  the 
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Soviet  post\ire.  Recotmaiaaance  at  Level  A  will  also  be  valuable  in 
providing  information  on  where  to  conduct  more  detailed  reconnaissance. 
While  the  system  will  not  provide  ua  with  warning  intelligence,  it  will 
help  us  estimate  Soviet  capabili  'ea  and  identify  certain  kinds  of 
major  targets.  (Appendix  A) 
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The  camera  proposed  for  this  system  is  a  transverse  panoramic  camera 
containing  a  12  in.  focal-length,  higlily  corrected  f/3.5  lens  which  covers 
a  fairly  aaa-rov  angle  of  approximately  21  degrees.  Wide-angle- scanning  is 
accomplished  by  -the  expedient  of  moving  the  leas  across  the  field  during 
the  exposui’e  time. 

For  transverse  scanning  of  the  ground  from  a  satellite,  the  camera 
must  rotate  around  the  longitudinal  axis  of  the  vehicle.  For  this  applicar- 
tlon  it  is  proposed  to  rotate  the  entire  orbiting  vehicle  with  the  camera 
firmly  attached,  t.hn«  generating  a  sweep  across  the  line  of  flight.  It 
is  not  proposed  to  rotate  the  camera  within  its  carrier. 

Figures  1  and  2  show  the  geometry  of  the  camera,  lens,  and  focal 
plane  relationships.  The  lens  is  mounted  perpendicular  to  the  carrier’s 
roll  axle  behind  a  quartz  window  In  the  shrface  of  the  carrier.  The  lens 
images  the  ground  on  a  fixed  slit  in  front  of  the  fooeO.  plane,  the  slit 
serving,  in  effect,  as  a  very  fast  shutter.  When  the  film  is  moved 
during  the  scan  exposure,  at  a  rate  exactly  matching  the  image  motion 
produced  by  passage  of  the  carrier  over  the  ground,  a  contlnous,  sharp 
photograph  is  produced  in  -the  focal  plane.  During  the  portion  of  the 
rotational  period  in  which  the  lens  does  not  "see"  the  ground,  a  measured 
length  of  film  Is  rolled  off  the  supply  spool  in  readiness  for  the 
next  exposure .  At  the  some  time,  the  last  exposure  is  wound  up  on  the 
take-up  spool.  (Appendix  B) 

ATTITUDE  STABILIZATION 

Note  that  the  transverse  panoramic  camera  under  discussion  does  not 
require  the  usual  kind  of  attitude  stabilization  necessary  for  ceuneras 
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mounted  In  aircraft.  The  entire  carrier  rotates;  this  Is  an  important 
distinction  between  this  proposal  and  other  proposals  for  camera-carrying 
satellites. 

Spin  is  imparted  to  the  payload  stage  to  produce  the  scan  necessary 
for  producing  photographs  across  the  line  of  flight.  In  addition,  spin 
imparted  to  the  payload  stage  stabilizes  it  in  inertial  space.  That  is, 
spinning  the  payload  stage  serves  the  twofold  purpose  of  stabilizing  the 
attitude  of  the  camera  in  apace  and  scanning  the  ground  at  the  proper  rate. 

The  preferred  orientation  of  the  camera  in  space  is  determined 
by  the  geography  of  the  area  to  be  surveyed  (see  Pig.  5) .  Althou^ 
the  Soviet  bloc  occupies  about  ISO*^  of  longitude,  its  area  is  somewhat 
compressed  in  latitude.  Most  of  the  territory  of  interest,  from  a  re¬ 
connaissance  standpoint,  lies  between  40  degrees  North  and  70  degrees 
North.  This  geographical  fact  turns  out  to  be  a  very  fortunate  one  as 
regards  attitude  stabilization,  for  It  means  that  if  the  payload  vehicle 
can  be  stabilized  in  an  attitude  horizontal  to  the  surface  of  the  earth 
at  55  degrees — i.e.,  midway  between  the  two  latitudes --the  camera  will 
produce  acceptable  pictures  over  the  entire  'listance  from  40  degrees  North 
to  70  degrees  North.  (The  satellite  Is  considered  to  be  on  a  polar 
orbit,  as  will  be  discussed  below. )  Note  from  Fig.  5  that,  when  the 
payload  stage  is  at  40  degrees  North,  the  vertical,  with  respect  to  the 
axis  of  the  vehicle,  is  pointing  back.  I5  degrees  with  respect  to  the 
earth;  at  70  degrees  North,  It  points  forward  I5  degrees.  These  angles 
result  In  very  small  errors  in  uncompensated  image  speed;  in  fact,  they 
can  be  completely  disregarded  when  discussing  the  quality  of  the  photo¬ 
graphy.  (Appendixes  B  and  C) 
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Fig.  3  —  Schematic  of  trajectory  ond  payload  attitude 
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SHUTTER  SPEED 

Another  Important  feature  of  the  ceunera  lies  in  the  employment  of  a 
very  high  effective  shutter  speed,  or  short  exposure  time.  This  allows  us 
to  ignore  fairly  substantial  changes  in  altitude  and  uncon^jensated  image 
speed,  changes  in  vehicle  velocity  over  the  surface  of  the  earth,  small 
angular  rates  and  displacements,  and  other  such  effects  which,  in  any 
customary  reconnaissance  vehicle,  would  certainly  ruin  photographic  quality. 

It  appears,  at  first  sight,  that  taking  photographs  from  a  satellite 
moving  at  about  18,000  miles  per  hour  would  be  an  extraordinarily  difficult 
Job  because  of  image  blurring,  the  lack  of  sharpness,  the  lack  of  defi¬ 
nition,  and  hence  the  lack  of  inf ormatlon- gathering  capacity.  This  first 
Impression  is  not  entirely  erroneous.  It  is  difficult  to  take  pictures 
from  an  object  moving  at  high  speed — but  not  impossible.  It  can  be  done 
if  the  image  motion  during  exposure  is  kept  as  small  as  possible,  con¬ 
sistent  with  the  requirements  for  definition. 

This  satellite  reconnaissance  system  is  not  intended  to  achieve 
microscopic  resolution  at,  say,  levels  of  100  lines/mm.  The  goal, 
believed  to  be  fairly  easily  attainable,  is  a  modest  40  llnes/mm  of 
film  resolution.  This  is  attained  operationally  with  certain  specialized 
reconnaissance  systems  now  in  use. 

A  statistic  commonly  used  in  describing  aerial  reconnaissance  systems 
is  ground  resolution.  Ground  resolution  is  simply  the  ground  dimension 
that  corresponds  to  otxe  line  of  resolution  in  a  focal  plane.  In  this  case 
a  12-ln.  focal-length  lens  and  40  lines/mm  are  being  considered.  Thus 
l/40  mm  projected  through  a  12-ln.  lens  to  the  ground  at  a  distance  of 
750,000  ft  corresponds  to  a  distance  of  60  ft. 
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The  effective  design  shutter  speed  for  this  camera  la  i/4000  second. 
This  speed  is  obtained  by  properly  designing  the  slit  described  earlier, 
in  conjunction  with  the  film  speed  and  rate  of  scan,  or  vehicle  rotation. 
This  exposure  speed  is  consistent  with  the  choice  of  film  emulsion — called 
Plus-X  Aerecoa--and  the  choice  of  lens  speed  f/3.5"  At  the  design 
altitude,  about  6  ft  of  forward  motion  are  produced  during  the  exposure 
time  of  1/4000  sec  while  the  vehicle  is  moving  at  25,000  ft/aec.  This  is 
l/lO  of  the  basic  60-ft  resolution  element,  and  can  be  tolerated,  in  fact 
Ignored,  for  purposes  of  photo  interpretation. 

This  extremely  fast  exposure  time  makes  it  possible  to  ignore  forward 
image  motion;  it  also  makes  it  possible  to  Ignore  altitude  changes, 
pi’Obable  angular  displacements,  velocity  variations,  and  substantial 
variations  in  film  rate.  VVppendix  B) 
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IV.  THE  ORBIT 


A  polar  orbit  Is  preferred,  with  a  firing  south  from  Camp  Cooke.  A 
design  altitude  acceptable  to  the  camera  is  142  +  47  miles.  If  the 
satellite  went  much  above  200  miles,  ground  resolution  would  be  degraded. 

If  altitudes  much  lower  than  100  miles  were  used,  the  satellite  would  en- 
-ounter  undesirable  aerodynamic  forces.  (Appendix  D) 

GROUMIl  COVERAGE 

With  respect  to  total  time  in  orbit,  a  1-day  operation  is  envisaged. 

In  one  day  the  Batelllte  will  make  about  l6  r«volut''onB  around  the  earth, 
six  or  seven  of  which  would  occur  over  the  Soviet  Union.  The  camera  carries 
500  feet  of  5-inch-wide  film  which  will  permit  JOO  exposures  at  a  film 
speed  of  about  23  inches  per  second.  The  payload  rotates  at  about  20 
revolutions  per  minute,  with  the  camera  timed  to  make  an  exposure  every 
third  revolution. 

Each  exposure  will  produce  a  picture  covering  some  18,000  square 
miles  on  the  ground.  Each  pass  over  the  Soviet  Union  will  cover  about 
5/4  million  square  miles  on  the  ground.  The  total  film  load  will  photo¬ 
graph  some  4  million  square  miles,  or  nearly  half  the  total  land  area  of 
the  Soviet  Union.  Fig.  4  is  a  schematic  representation  of  a  1-day 
operation.  (Appendix  B) 

ASCEMT  TRAJECTORY 

The  powered-ascent  trajectory  is  effected  by  the  combination  of  the 
Thor  booster,  with  first-stage  guidance  preprogrammed  for  the  autopilot, 
and  the  second-stage  Vanguard  using  its  autopilot  in  conjunction  with 
components  of  the  G.E.  radio  system. 
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During  the  period  of  coast  to  the  design  altitude  of  about  1^2  mileSj 
the  second  stage,  containing  the  spin-up  and  separation  mechanism,  orients 
and  spins  the  third  stage  In  preparation  for  the  final  velocity  increment. 

A  typical  ascent  trajectory  is  shown  schematically  in  Pig.  3.  The  orien¬ 
tation,  produced  by  the  control  Jets  (using  residual  helium)  in  the  second 
stage,  is  to  a  pitch  attitude  such  that  the  vehicle  is  parallel  to  the 
earth's  surface  at  55  degrees  South  (or  North)  latitude.  After  orientation, 
and  before  the  third  stage  fires,  the  third  stage  and  the  payload  are  spun 
around  their  roll  axis  to  the  angular  velocity  required  to  stabilize  the 
vehicle  and  provide  the  proper  scan  rate  for  the  camera. 

The  firing  of  the  third  stage  separates  it  from  the  second  stage  and 
imparts  the  final  velocity  Increment  required  to  maintain  a  circular 
orbit.  At  third-stage  burnout,  a  small  separation  device  is  fired,  sepa¬ 
rating  the  payload  and  leaving  it,  properly  oriented  and  spin-stabilized, 
in  free  space.  (Appendix  E) 


SECRET 


-Ground  coverage  schemati 


RH-2012 

U-12-57 

17 


V.  THE  VEHICLE 


PAYLaAD  STAGS 

The  Wight  of  the  camera  and  flLii  installation  is  about  80  pounds. 

A  total  payload,  wight  of  300  pounds  has  been  selected,  leaving  about  220 
pounds  for  payload  structural  components,  re-entry  coating,  braking- rocket 
propellants,  batteries  to  operate  the  flljii  mechonism,  beacon  and  trans¬ 
ponder,  and  for  associated  gear  necessary  to  operate  the  camera  and  recover 
the  package.  It  might  be  noted  at  this  point  that  the  power  rsquiresent 
for  the  camera  Is  conservatively  estimated  at  100  watt-hours,  which  can 
be  provided  by  a  few  pounds  of  batteries.  Table  1  summarizes  the  payioad- 


Table  1 

Payload-Stage  Weight  Stnumary  (lb) 


-  photographic  Installation  ...........  80 

Camera  . 3d 

Film  ..............  10 

Environment  ...........  7 

Attitude  Sensor  . . .  10 

Miscellaneous  ..........  13 

-  Structure  .........o.........  110 

Shell  . .  50 

Fibergiaa  ............  8o 

-  Recovery  System  . . 110 

Impulse  Rocket  .........  85 

'fracking  Beacon  .........  16 

Recovery  Beacon  .........  9 


Total  Payload-Stage  Vfaight  ................  300 


stage  weights. 


Group  A 


Group  B 


Group  C 
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Tlie  payload-atage  coriTlguratlon  chosen  for  this  ease  la  a  double 
conical  shape  with  a  maximum  diameter  of  55  inches  (see  Fig,  2),  A 
syEmratricol  body  was  chosen  because  of  the  desirability  of  minimizing 
possible  aerodynamic  lift  fOTooo  at  the  relatively  low  orbital  altitude. 

Skin  material  la  assumed  to  be  0.050  magnesium  alloy  coated  with  a  layer 
of  fiberglaw-plaotie  combination  on  the  fcrvsrd  sad  for  heat  protection. 

The  payload  stage  iaclixdes  a  brtdclng  rocket  using  about  70  lb  of  propellants  o 
BOOaTER  COMFIGURATIOB 

The  booster  caitolnation  proposed  for  the  early  reconnaissance 
satellite  is  the  Thor  lElBM  and  the  second  stage  of  Vanguard,  with  a  small 
solid  rocket,  similar  in  principle  to  the  third  stage  of  Vanguard,  to 
provide  a  final  orbital  increment.  The  propulsion  Is  thus  provided  by  a 
llq^d-llquid-BOlld  combination.  Table  2  Is  a  axmimary  of  vehicle  weights. 

Table  2 

Vehicle  l<ielght  Summary  (lb) 

Orbital  payload  ................  500 

Third  stage  (solid)  .,o  .  550 

Second  stage  (Vffliguard  2nd)  ,  .  .  ,  .  ,  »  ,  .  4,750 

Initial  stage  (Tlior)  ...........  110,892 


FVm  a  preliminary  structural  Investigation  it  appears  that  the  Thor 
airframe  and  Its  ma^or  coeiponents  need  not  be  modified  for  the  satellite 
mlssiono  The  Thor  autopilot  and  control  system  can  be  used  for  first- 
stage  guidance,  although  there  is  soaie  poosibllity  that  this  system  would 
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roqulifQ  some  Diodiflcatl  on  to  off  net  the  hea^r.ter  load  on  the  aoen  of  tha 
Tbo?  and  the  IncreoBed  loads  during  the  ascent  trojeetory.  For  the 
□atsllite  mission,  the  'Thor  inertial  guidance  system  will  not  be  required, 

Tha  basic  airframe  of  the  Vanguard  second  stage  need  not  be  modlfiad 
for  this  application,  with  the  exception  of  tha  aft  interconnect  structure, 
•(dalch  will,  have  to  be  designed  to  mate  the  3y-ln.  dioiaeter  Vanguard,  with 
the  6U-in.  dlaroetar  Thor  nose  cone.  Tl".e  guidance  system  of  the  second- 
stage  Vanguard  would  be  used  in  conjunction  with  6.E.  (107A)  canponents. 

The  size  of  the  third  stage  has  not  been  optimlzedo  However,  the 
Vanguard  third  sta^e  is  characteristic.  In  concept  at  least,  of  the  type 
of  solid  propellant  rocket  tlmt  would  be  required  foi*  the  present  application, 
(Appendix  F) 
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VI,  TRACmC  AMD  RSCQVERY 

Tracking  will  be  required  for  essentially  three  reasons:  to  determine 
the  orbit  accurately  enough  for  coordination  of  photographic  data;  to 
trigger  the  braking  rocket  at  the  proper  time  for  the  descant;  and  to 
establish  the  descent  path  so  tliat  the  impact  point  can  be  located » 

The  number  of  trackers  required  and  the  spacing  between  them  is 
dictated  partly  by  the  guidance  accuracy.  To  insure  against  guidance 
inaccuracies  in  launching,  it  is  proposed  that  two  or  three  trackers  be 
used  in  an  arrangement  which  places  them  generally  with  about  a  200-ml 
separation  on  a  linn  nonnial  t.o  t-be  orbit. 

A  second  factor  that  must  be  considered  In  determining  the  number  and 
spacing  of  trackers  la  the  deterioration  of  tracking  accuracy  at  lov 
angles  above  the  horizon.  It  is  highly  important  that  the  satellite  pass 
close  enough  to  at  leoot  one  station  so  that  sufficient  tracking  data  can 
be  obtained  at  angles  of  elevation  greater  than  about  20  degrees.  For  a 
noDdnal  aatelllto  altitude  of  142  ml,  this  requires  that  the  satellite 
pass  within  roughly  5  degrees  of  the  station,  or  within  a  ground  range  of 
about  350  mi.  Again,  two  or  throe  trackers  at  intervals  of  200  ml  uonnal 
to  the  orbit  are  dictated. 

Because  the  satellite  is  to  be  placed  on  a  polar  ofblt,  these 
objectives  can  be  met  by  a  small  number  of  trackers  near  one  of  the  poles. 
It  seems  advisable  to  locate  the  tracking  stations,  say  three  of  them, 
at  a  high  northern  latitude  such  os  in  Alaska  or  Canada.  Spacing  should 
be  about  200  ml  in  longitude. 

Tracking  data  would  be  in  the  form  of  two  angles  and  a  range  to 
permit  orbit  prediction.  The  use  of  range  Information  considerably  relaxes 
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the  requirement  for  angular  accuracy.  To  obtain  range,  a  transponder  in 
the  aatelilte  is  required.  (Appendix  G) 

Descent  from  orbit  Is  achieved  by  the  command  firing  of  a  braking 
rocket  in  the  aatelilte.  Assume  that  the  satellite  is  coming  over  the 
pole,  that  it  is  picked  up  by  trackers  in  the  north,  and  that  an  Impact 
point  in  the  Pacific  is  desired.  The  braking  rocket  is  then  fired  forward 
and  upward,  imparting  a  downward  and  backward  velocity  impulse  super¬ 
imposed  on  the  orbital  velocity.  The  resulting  velocity  vector  points 
downward,  so  that  the  vehicle  is  effectively  in  a  ballistic  trajectory 
comparable  to  the  *  low-angle' , 1 .e. ,  lower-tban-optimm,  path  of  a 
long-range  ballistic  missile. 

Tracking  of  the  vehicle  immediately  after  the  beginning  of  descent 
establishes  a  predicted  vacuum  path.  This,  together  with  predicted 
atmospheric  effects,  makes  it  possible  to  predict  the  approximate  impact 
area.  The  vehicle  is  protected  against  re-entry  heating  by  a  coating  of 
suitable  vaporizing  material:  80  lb  of  fiberglasa -reinforced  plastic, 
such  as  is  used  on  advanced  designs  of  the  ICBM  nose  cone  and  on  the 
Jupiter  nose  cone,  is  suggested.  Impact  survival  of  the  casing,  film 
load,  batteries,  and  beacon  Is  made  feasible  by  the  proper  selection  and 
arrangement  of  structural  components.  Search  aircraft  are  used  to  find 
and  recover  the  payload.  This  means  that  the  radio  beacon  must  operate 
after  water  impact,  and  possibly  that  some  type  of  dye  marker  should  be 
released  upon  Impact.  (Appendix  H) 
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VII.  IMTELLIQENCE  PAYOFFS 


Photographs  produced  by  the  system  Just  described  should  enable  us 
to  do  a  useful  reconnaissance  Job  at  Level  A,  over  areas  measuring  millions 
of  square  miles.  The  scales  and  resolution  that  will  be  possible  are 
comparable  to  those  obtained  with  certain  kinds  of  photographic  charting 
equipment  standard  on  Air  Force  reconnaissance  aircraft  today.  They  will 
make  it  possible  to  Identify  major  railroads,  highways,  and  canals.  Urban 
centers,  industrial  areas,  airfields,  naval  facilities,  seaport  areas, 
and  the  like  can  be  seen.  Very  likely,  defense  missile  sites  of  the  sort 
found  arotind  the  Moscow  area  will  also  be  identifiable.  Thus,  with 
repeated  surveillance,  it  will  be  possible  to  find  new  major  installations, 
perhaps  to  learn  something  about  patterns  of  use  of  Soviet  ICBM  systems, 
and  certainly  to  obtain  clues  for  the  direction  of  other,  higher-resolution 
systems  that  can  provide  more  detailed,  accurate  identification.  (Appendixes 
B  and  J) 
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VIII.  GROWTH  POTEMTIAL 

Clearly,  the  major  emphasis  of  this  memorandum  Is  on  the  easiest 
and  earliest  recoverable  photographic  satellite  system.  This  version, 
the  12-ln.,  f/3.5  camera  using  500  ft  of  5'lii-  film,  and  based  on  the 
Thor  booster,  is  seen  as  the  first  of  a  series  of  such  systems.  This 
payload  is  capable  of  photography  at  Reconnaissance  Level  A  in  adequate 
detail.  As  the  system  la  proved  out,  as  confidence  is  gained  in  satellite 
operation,  and  as  environmental  constraints  and  Intelligence  problems 
, become  better  understood,  longer  focal-length  lenses  can  be  introduced. 

The  first  system  would  be  followed  by  a  56-in.  focal-length  camera  using 
1500  ft  of  9-in.  film.  Currently  it  appears  that  this  payload  can  also 
be  put  on  orbit  using  a  Thor-type  booster,  with  a  maximum  payload  weight 
of  about  300  lb. 

This  second  system  should  provide  reconnaissance  at  Level  B,  giving 
adequate  detail  over  areas  of  hiindreds  of  thousands  of  square  miles. 
Eventually  this  system  could  evolve  Into  one  using  a  10-ft  focal-length 
lens  and  about  25OO  ft  of  l8-ln.  film,  based  no  longer  on  the  Thor  but  on 
the  Atlas  booster,  and  doing  a  reconnaissance  Job  at  Level  C,  or  over 
specific  point  objectives.  The  time  phasing  of  the  several  projects 
should  be  about  as  follows:  availability  of  the  12-in.  system,  one  year 
from  date  of  contract;  availability  of  the  36-ln.  system  in  I8  months; 
and  availability  of  the  10-ft  system  56  months  after  the  start  of  the 
program  (Fig.  5).  (Appendix  K) 

To  conclude,  it  is  believed  that  the  type  of  system  proposed  here 
will  work,  can  be  available  quickly,  and  will  fill  a  vital  military  recon¬ 
naissance  need  both  in  the  near  and  in  the  distant  future. 
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Fig. 5— Growth  potential 


Aspaadlx  A 

nraELLioEiiCK  mams  and  meams 


M.  K.  Dq.v1oo  end  A.  11.  Kats 

Ao0U3s  that  in  the  forthecalne  era  tre  xril3.  have  a  eontlaulng  need 
for  both  natlonol  and  military  Intelllgsnoe .  It  will  svtfflce  for  present 
purposeo  to  note  that  national  Intelllgenco  neods,  though  using  in  large 
Hsnoufo  tlie  some  kinds  of  infomation  Inputs  required  to  satisfy  military 
Intelllgance  needs,  are  by  and  large  tied  to  the  formation  of  objectives 
and  polleleo,  and  to  tho  otqyporting  actions  necessary  to  Irqilanent  these 

OwjoG'uIToS  • 

milttuy  inteHlgenee ,  on  the  other  hand,  finds  its  needs  In  the 
requirements  to  plan  defensive  and  offensive  responses  to  enemy  actions 
and  to  ensure  adequate  development  programs  to  meat  estimated  threats. 

Military  intelligeuee  needs  can  bo  dcsorlbod  under  thres  major 
categoric 0 : 

1 .  Warning 

2.  Estimate  of  Capabilities 

'}■  Targeting  luforaatlon 

Waraiag  la  a  problem  of  overriding  priority.  The  requirement  here 
is  to  supply  warning  of  Imminence  of  hostilities.  The  second  category 
of  Intelligence  requirements  will.  If  met,  answer  the  questions: 
what  does  the  enen^  have,  how  does  he  use  it,  how  good  Is  he  at  using 
it,  irhere  is  it,  and  how  many  does  he  have?  Targeting  information  Is 
that  Information  naeassary  for  un  to  plan  our  military  response  to 
attack.  The  raconnalasonce  system  described  In  this  report  Is  intended 
to  provide  Intelligence  for  categories  (2)  and  (3) . 
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Intelligence  data  can  be  supplied  by  many  methods.  Certainly  a 
major  method  la  physical-objective  reconnaissance  using  sensors  such 
as  photography j  radar,  infrared,  and  the  like,  and  airborne  photographic 
reconnaissance  emerges  as  perhaps  the  principal  reconnaissance  tool 
for  collecting  data  about  the  Soviet  Union.  It  is  believed  that  only 
high-i"e6olution  photographic  reconnaissance  can  meet  the  requirements 
for  detailed  reconnaissance  that  vlll  exist  for  the  next  few  years  at 
least. 

In  attempting  to  pick  the  kinds  of  systems  which  are  preferred  for 
the  job  of  pre-hoRtllltles  aerial  reconnaissance  of  the  Soviet  Union, 
it  is  necessary  to  have  an  operational  concept.  It  is  convenient  to 
define  four  levels  of  photographic  reconnaissance;  A,  B,  C,  and  D. 

Reconnaissance  Level  A  provides  pioneer  large-area  search.  This 
calls  for  a  system  to  be  operated  over  areas  measured  in  millions  of 
square  miles,  and  at  a  photographic  scale  of  roughly  250,000  K  (where 
K  is  between  1/2  and  2)  on  Aero  Super  XX  at  approximately  10  llnes/mm. 

High  altitude  operations  which  have  as  their  end  the  securing  of 
detail  about  small  ground  objects  require  resolutions  which  can  perhaps 
be  measured  in  terms  of  feet,  or  dozens  of  feet,  on  the  ground.  It  is 
entirely  useless  to  talk  about  scale  without  specifying  the  level  of 
definition  or  resolution,  and  the  material  on  which  it  is  obtained. 

For  this  discussion  of  photographic  pei^ormance  wp  have  chosen  to  make  the 
numbers  consistent  with  nominal  service-obtained  resolution 
(IO-I5  llnes/mm)  on  standard  Aero  XX  film.  While  this  resolution  is 
often  exceeded  in  practice,  it  is  convenient  to  use  as  a  reference 
against  which  photographic  performance  is  measured.  Thus  we  should  be 
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atole  to  take  this  scale  number  (250,000  K)  for  pioneer  large-area  search 
against  millions  of  square  miles,  and  investigate  the  usefulness  of  a 
proposal  at  a  different  scale  and  at  a  different  level  of  resolution.  Very 
roughly,  resolution  and  scale  are  Interchangeable  over  small  excursions. 
Thus  a  scale  of  1,000,000  at  kO  llnes/mm  should  be  approximately  as  good  as 
a  scale  of  250,000  at  10  lines/am — but  if  a  choice  is  available,  the  latter 
is  certainly  to  be  preferred. 

I.evel  B  is  entitled  'limited  area  search,'  proceeding  at  a  scale 
number  five  times  smaller  (scale  therefore  five  times  larger)  of 
50,000  K,  useful  against  areas  measured  in  hundreds  of  thousands  of 
square  miles.  At  such  a  level  of  reconnaissance  the  character  of 
many  major  installations  can  be  detected  and  identified,  aircraft 
can  be  seen  on  airfields,  minor  lines  of  communication  can  be  found 
and  plotted,  and  in  general,  those  items  found  at  Level  A  can  be 
seen  more  satisfactorily. 

Level  C,  ' specific  point  objective  photography, ’  can  be  accomplished 
at  a  scale  level  of  10,000  K,  and  is  useful  against  target  areas  measured 
in  terms  of  hundreds  of  square  miles.  At  this  level  detailed  analyses 
of  sites,  airfields,  industries,  and  activities  can  be  made. 

Level  D,  'technical  Intelligence  objective,'  at  a  scale  level  of 
2,000  K,  is  useful  against  areas  measured  in  tens  of  square  miles  or 
less.  It  will  serve  many  if  not  most  of  the  needs  of  technical  in¬ 
telligence  w’nich  can  be  met  by  photography  at  all. 

Air  Force  photography,  in  some  instances,  is  at  present  carried 
out  at  precisely  the  scales  of  Level  A.  An  immediate  reference  Is 
available  in  the  scale  out  near  the  middle  of  the  photographs  obtained 
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by  the  oblique  trlmet  charting  Installations  standard  on  most  Air  Force 
reconnaissance  aircraft.  It  Is  clear  from  studying  this  kind  of  photo¬ 
graphy  and  the  resolution  obtained,  that  under  these  conditions  one 
should  be  able  to  see  and  Identify  most  lines  of  communication, 
railroads--certainly  major  railroads--,  highways,  canals,  urban 
centers,  Industrial  areas,  air  fields,  naval  facilities,  seaport 
areas,  and  the  like.  Very  likely,  the  defense  missile  sites  of  the 
sort  found  around  the  Moscow  area  are  identifiable  under  these 
conditions . 

A  concept  of  operations  is  envisioned  whereby  all  of  the  Soviet 
Union  is  covered  at  this  pioneer  level  of  quality  at  intervals  of  say, 

6  months  to  1  year.  With  such  an  operation,  new  major  installations 
can  be  detected,  xwitterna  of  use  perhaps  foxmd,  and  certainly  hints 
and  clues  for  the  direction  of  other  finer  higher- resolution  recon¬ 
naissance  systems  can  be  obtained.  The  overall  reconnaissance 
capability  of  the  United  States  must  be  based  upon  systems  able  to 
operate  at  each  of  these  levels.  The  system  we  are  concerned  with 
here  is  designed  specifically  to  do  job  A,  which  occurs  first  in  order 
of  Interest  and  must  be  done  in  order  to  serve  as  a  yaeful  guide  for 
further  reconnaissance  jobs. 

It  is  extremely  difficult,  if  not  Impossible,  to  tedte  a  given 
number,  such  as  ground  resolution  of — in  the  case  of  this  proposal, 

60  feet — and  say  specifically  what  can  be  seen.  The  conditions  of 
observation  are  so  variable,  as  are  the  illumination,  the  contrast, 
the  context,  and  many  other  Important  factors  that  determine  detection 
and  identification,  so  that  to  specify  ground  resolution  alone 
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is  Inaufflcient.  At  least  one  photograph  is  available,  taken  with 
a  six-inch  lens  from  an  altitude  of  about  I5O  miles,  with  resolution 
estimated  to  be  about  10  lines/mm  in  the  focal  plane,  therefore 
giving  a  ground  resolution  of  about  500  feet  on  the  ground.  On 
this  particular  photograph,  major  railroads  show  up  clearly  with  even 
casual  obaervationj  two  military  airfields  are  easily  seen  with 
runways  clear  and  distinguished;  and  major  streets  in  a  nearby  city 
are  fairly  easily  resolvable  and  can  be  plotted.  (This  exemplifies 
the  phenomenon  of  long  lines  being  more  easily  detected  than  small 
square  objects.) 

'me  number  of  ways  or  conducting  overflight  operations  over  the 
Soviet  Union  for  the  next  few  years  are  sharply  limited  In  number. 
Satellites  and  aircraft  almost  e;diauat  the  list  of  possibilities, 
and  for  present  purposes  will  be  sufficient.  For  numerous  reasons, 
Including  political  palatability,  vulnerability,  and  the  like,  it  is 
unrealistic  to  conceive  of  wholesale  cyclic  mapping  of  the  Soviet  Union 
by  aircraft.  Aircraft  are  superb  for  performing  reconnaissance  at 
Level  C  and  D,  and,  properly  used,  should  be  confined  to  that  purpose, 
furnishing  a  complementary  system  to  whatever  system  or  systems  operate 
at  Levels  A  and  B. 

It  is  realistic  to  conceive  of  finding  large  military  installations, 
or  other  installations  in  the  process  of  being  built,  using  systems 
performing  at  Level  A  or  B,  At  such  levels,  it  is  certainly  possible 
to  get  clues  of  sufficient  interest  to  warrant  dispatching  a  system 
operating  at  Levels  C  and  D  to  verify,  confirm,  or  further  inspect 
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those  (^rations .  Kils  1b  particularly  true  for  the  urgent  problem 
of  finding,  identifying,  and  plotting  on  a  map,  Soviet  Union  mleBiio 
sites. 

In  conclusion,  reconnalssanoa  at  Level  A  la  seen  as  a  fund/unental 
and  'first-thing-flrst'  Job.  It  will  supply  a  matrix  in  which  other 
data  can  be  Imbedded,  and  it  will  furnish  a  planning  guide  for  future 
recormaiosanco .  In  ahd  of  Itself  it  will  sort  out  profitably  searched 
areas  from  worthless  areas,  and  it  will  locate  and  chart  major  military 
and  industrial  operations  as  well  as  help  determine  patterns  of  iisa. 
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CAMERA  DESIGN 

M.  E.  Davlee  and  A.  H.  Kat?. 


The  essence  of  the  present  proposal  is  to  put  a  camera -carrying 
satellite  on  orbit  approximately  I50  miles  above  the  earth,  operate 
this  camera  system  over  the  Soviet  Union  for  approximately  one  day,  and 
bring  the  film  back  to  the  United  States  for  military  analysis.  This 
appendix  discusses  the  design  and  operation  of  the  camera  and  some  of 
the  problems  of  the  satellite  mission. 

Panoramic  cameras  for  both  ground  and  aerial  use  are  certainly  not  new. 
This  particular  camera  design  was  inspired  by  a  seiloB  of  proprietary  pro¬ 
posals  by  the  Fairchild  Camera  and  Instrument  Corporation.  Extensive 
conversations  about  these  systems  were  held  with  F.P.  Wlllcox,  Vice  President 
of  Fairchild,  starting  in  the  spring  of  1957-  Their  Engineering  Proposal  No. 
h?l  describes  a  12-ln.  panoramic  for  the  Ryan  tip-pod.  As  suggested  by  RAND 
for  use  In  the  satellite,  panoramic  scanning  will  be  accomplished  by  rolling 
the  entire  satellite  stage  rather  than  rotating  the  camera.  For  the  satellite 
application,  the  lens  will  be  mounted  behind  a  quartz  window  in  the 
carrier,  and  will  image  the  ground  on  a  fixed  slit  in  front  of  the  focal 
plane.  Since  this  fixed  slit  serves  as  a  shutter,  the  only  moving  parts 
will  be  the  film  transport.  During  the  part  of  the  rotational  period 
in  which  the  ground  Is  not  being  photographed,  a  measured  length  of  film 


« 

After  Initially  considering  the  use.  In  a  satellite,  of  axially 
oriented  cameras  employing  Uy  mirrors,  ns  in  the  Fairchild  idea,  it  occurred 
to  the  authors  that  the  mirror  could  be  removed  and  the  camera  tipped  to  the 
vertical  position.  This  makes  it  almilar  in  principle  to  a  camera  used  for 
transverse  panoramic  photography  by  Col.  R.  W.  Phllbrlck  at  Boston  University 
In  about  1948.  This  latter  camera  was  modified  from  a  standard  USAF  3-7  cdmera 
in-flight  photographs  made  with  this  'Whirling  Dervish'  were  exhibited  to  the 
U.N-  in  1955,  as  part  of  an  ‘Open  Skies'  exhibit. 
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vlll  be  rolled  off  the  supply  spool  In  readiness  for  the  next  exposure. 

At  the  86Lme  time,  the  last  exposure  vrlll  be  wound  on  the  take-up  spool. 

If  desired,  Image  motion  compensation  can  be  accomplished  by  canting  the 
slit,  so  that  the  film  motion  vector  corresponds  to  the  average  Image 
motion  vector. 

The  camera  for  the  large-area  search  mission  will  have  a  12-ln.  f/3.5 
lens  and  carry  500  ft  of  5-1-n.  film.  At  a  design  altitude  of  750,000  ft 
(roughly  I50  miles),  a  sweep  angle  of  95°  corresponds  to  a  strip  width 
of  about  300  mi.  The  format  size  is  20  in.  x  4-1/2  in.  with  a  scale 
at  the  center  of  750,000,  and  an  average  scale  of  about  1,300,000 
at  the  edge.  The  gromd  coverage  at  the  center  is  53-5  4*41  77-5  mi  ai 

the  edge.  Each  photograph  will  cover  some  18,000  sq  ml. 

The  missile  roll-rate  is  18.2  rpm  with  the  camera  making  an  exposure 
every  third  revolution.  This  gives  9-9  between  start  of  suecesBlve 
exposures,  10  per  cent  forward  ground  overlap  in  the  vertical  on  successive 
frames,  and  a  required  film  speed  of  22.9  i^^-  per  second.  The  design 
shutter  speed  of  1/4000  sec  dictates  a  slit  width  of  .0057  in.  which, 
from  the  standpoint  of  construction,  is  quite  feasible.  This  slit  would 
be  canted  to  correct  for  .41  in.  per*  sec  forward  image  motion  at  the 
center  of  the  frame. 

The  500  ft  of  film  will  permit  5OO  exposures;  this  corresponds  to  a 
ground  path  length  of  14,300  ml  and  a  total  coverage  of  4,000,000  sq  ml. 

It  is  estimated  tliat  this  camera  will  weigh  about  50  lb;  the  peak  power 
load  will  be  about  100  watts.  The  film  and  spool  will  weigh  about  10-1/2  lb. 

It  is  likely,  and  desirable,  that  a  special  12-inch  lens  should  be 
designed  for  this  camera.  This  will  not  be  too  difficult,  for  the  labora¬ 
tory  performance  required  on  the  film  will  be  about  60  lines/mm. 
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There  exist  today  several  lenc  deoigus  which  cun  ba  scaled  up  o.ad  several 
which  could  be  scaled  down  to  do  this  job .  The  essentially  narrow  angle 
of  coverage,  the  moderate  speed,  and  the  fairly  short  (by  aerial 
rocommlssance  standards)  focal  length  are  factors  ensuring  the  emergence 
of  an  acceptable  lens  in  a  reasonable  time. 

The  exposure  time,  1/4000  sec,  is  based  on  the  choice  of  a  rather 
new  film  emulsion  used  for  aerial  photographic  purposes — Eastman  Kodak 
S.O.  1166  (this  was  tlie  number  under  which  this  film  was  known  up  until 
very  recently  when  it  was  given  the  name,  Plus-X  Aerecon) .  The  choice  of 
lens  speed  (f/:5.5)  and  shutter  speed  are  entirely  consistent  with  this 
film  choice. 

We  can  examine  the  image  motion  that  may  occur  during  the  time  a 
photograph  is  token  with  this  panoramic  system  rather  easily.  First,  of 
eoiu-ae,  thex’e  is  forward  image  motion;  la  this  case,  the  motion  caused  by 
Imaging  a  ground  velocity  of  about  25,000  ft/sec  at  a  scale  of  about 
750,000.  A  speed  of  25,000  ft/sec  for  i/ltOOO  sec  results  in  a  ground 
motion  of  6  feet  during  the  exposure,  which,  when  reduced  by  the 
appropriate  scale  factor,  gives  the  amount  of  image  displacement.  As 
noted  above,  the  film — Plus-X  Aerecon — was  chosen  such  that  it  would  have 
enough  speed  to  permit  exposure  at  1/4000  sec  at  f/5.5.  The  logical 
Huestion  at  this  xwlnt  is  whe  ther  such  a  film  is  capable  of  imaging  aerial 
photographs  at  sufficient  resolution  to  permit  examination  of  ground 
detail  at  a  level  consistent  with  military  requirements .  The  answer  is 
yes .  The  major  differences  between  Plus-X  Aerecon  and  standard  Aero 
Super  XX  are  that  Plus-X  Aerecon  has  more  I'esolutlon  and  much  better 
gralniness  characteristics,  thus  permitting  the  examination  of  finer 
detail  with  more  confidence  than  Aero  Super  XX. 
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This  system  la  not  Intended  to  obtain  microscopic  resolution  at, 
say,  levels  of  100  lines/mm.  Rather,  the  goal  aimed  at,  and  the 
goal  believed  to  be  fairly  easily  attainable.  Is  a  modest  40  llnes/jim 
from  the  air.  This  comjiares  with  advanced  reconnaissance  systems 
now  in  being.  A  statistic  conunonly  used  in  describing  aerial  reconnais¬ 
sance  systems  is  ground  resolution.  Ground  resolution  is  simply  the 
ground  dimension  whl  ch  corresponds  to  one  line  of  resolution  in  a  focal 
plane.  In  this  case,  with  a  L2-inch  focal  length  lens  and  40  llnes/mm, 
clearly  the  width  of  a  ground  element  produced  or  projected  back  on  the 
ground  through  the  lens  system  is  1/40  mm  as  seen  from  12  inches  (jOO  mm). 
This  is  1/12,000  of  the  altitude,  or  approximately  6u  feet.  Thus  txic  ^Xciucll't 
of  resolution  with  which  we  are  concerned  is  about  60  feet. 

It  is  for  this  reason  that  residual  motions  during  the  exposure,  which 
are  a  small  fraction  of  the  60-feet  resolution,  can,  by  and  large,  be 
ignored,  especially  when  these  fractions  are  of  the  order  of  10  per  cent 
or  less.  Hence,  the  6  feet  or  so  of  forward  motion  produced  during  the 
exxJOBure  time  of  1/4000  sec  while  the  vehicle  is  moving  at  25,000  ft/sec, 
is  l/lO  the  basic  resolution  element  and  can,  in  this  case,  be  easily 
Ignored.  On  the  other  hand,  it  is  perfectly  possible  to  put  in  an 
average  compensation  for  forward  groxind  speed  by  properly  orientating 
the  slit  mechanism. 

By  the  same  token  the  tolerance  or  sensitivity  of  this  system  to 
angular  motion  and  angular  rates  can  be  investigated.  The  amount  of 
motion  or  blurring  produced  on  the  film  during  an  exposure  is  simply  the 
uncompensated  motion, i . e . ,  uncompensated  image  speed  times  the  exposure 
time.  Assume  a  residual  speed  of,  say,  1  inch  per  second  and  an  exposure 
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time  of  l/liOOO  aocond;  the  residual  Image  motion  is  therefore  1/4000  inch, 
\;hlch  is  approximately  I/I6O  nsm,  coaoiderably  less  than  that  tolerable  by 
a  40  linee/mm  standard. 

In  general,  uncon^jansated  Image  motions  other  than  that  caused  by 
forward  motion  of  the  vehicle  arise  from  angulai’  rates  of  one  sort  or 
another.  An  angular  rate  of  5  degrees/sec  gives  rise  to  an  uncompensated 
image  speed  in  the  focal  plane  of  a  12-inch  lens,  of  1  inch/ sec.  Con¬ 
sidering  the  exposure  time  of  1/4000  sec,  this  give?  a  residual  motion 
of  about  1/4000  in.,  which  again  is  about  I/I60  mm,  and  is  negligible. 

This  exaiJ5)le  is  illustrative  only.  Angular  rates  of  this  magnitude 
are  not  anticipated  ror  tnia  system,  'ihe  other  major,  or  potentially 
major,  source  of  blurring  occurs  if  the  film  is  pulled  through  at  a  rate 
different  from  that  demanded  by  the  spin  rate  of  the  vehicle.  Table  1 
shows  the  relationship  between  spin  rate,  focal  length,  length  of  film, 
and  other  parameters  of  this  12-inch  system,  as  well  as  other  systems 


which  we  envision  as  follow-on  developments.  It  is  Intended  to  generate 


a  film  speed  in  the  transverse  direction  of  about  24-in ./sec.  This  is 
based  on  a  spin  rate  of  about  10.2  rpm. 

Table  I 


CAiERA  SUMI-IARY 


Focal  Length  (in.) 

Strip  Width  (0.  miles) 

Sweep  Angle 

Format  Size  't-l/2" 

Length  of  Film  Carried  (ft) 

Dumber  of  Frames 
Frequency  of  Exposures  (sec) 

Spin  Rate  (rpm) 

Revolutions  Between  Exposures 
Film  Speed  (in. /sec) 

Forward  Motion  (in. /sec) 


12" 

56" 

120" 

500 

500 

100 

95  8' 

95°0' 

58°  47 

19-1/2" 

9"  X  5«-1/2" 

lb"  X  81-1/4" 

50c 

1500 

2500 

500 

50> 

56> 

9.9 

6.6 

4.0 

ia.2 

18.2 

15.2 

2 

1 

0 

22.9 

68.6 

190.6 

.4 

1.2 

4.1 
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Suppose  the  fllja  rate  Is  off  by  10  par  cent,  either  too  high  or  too 
lovr  from  that  demanded  by  these  constraints.  In  this  case,  the  dif¬ 
ferential  Image  speed — uncompensated  image  speed — Is  again  approximately 
10  per  cent  of  the  2b-in./8ec  or  2-ln./sec.  This  unconroensated  Image 
speed  would  give  at  most  l/80  mm  of  uncompensated  motion  In  the  Bingle 
direction.  This  is  not  enough  to  affect  seriously  the  overall  resolution. 
(It  is  not  anticipated  that  the  film  rate  will  be  as  much  as  10  per  cent 
off  In  this  system.) 

It  may  be  of  interest  to  examine  rough  power  requirements  for  this 
type  of  camera.  The  actual  camera  operation  will  occur  during  a  90- 
degree,  essentially  vertical  portion  of  a  revolution,  l/^J  revolution. 

The  actual  photography  then,  will  be  acconplished  during  this  l/k 
revolution  out  of  every  three  revolutions.  TSius  the  camera  Is  drawing 
peaJs  load  for  l/l2  of  the  time  of  the  period  of  photography.  It  is 
estimated  that  peak  power  requirements  for  this  operation,  based  on 
performance  requirements  of  somewhat  similar  cameras,  will  be  no  more 
than  100  watts.  Between  pictures,  that  Is  for  the  other  ll/l2  of  the 
cycling  time,  the  camera  will  be  metering  film  out  in  readiness  for  the 
next  exposure,  and  winding  up  on  the  take-up  spool  the  film  taken  on  the 
previous  exposure.  This  operation  consumes  much  less  power  than  does  the 
main  job  of  pulling  film  through  at  2b-ln./Bec. 

The  number  of  actual  flight-line  miles  contemplated  in  this  operation 
is  about  lk,000.  This  corresponds  to  about  seven  2,000-ralle  passes  over 
the  Soviet  Union,  or  six  passes  of  aomewhat  greater  length.  The  total 
flight-line  mlleB  of  the  vehicle  is  approximately  the  circumference  of 
the  earth  times  the  number  of  passes  around.  This  is  about  400,000  miles. 
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Thuo  percentage  of  on-time  of  the  total  camera  aystem  ia  approximately 
It/itOO  of  the  total  life  of  the  vehicle,  here  taken  as  one  day.  This  io 
5-1/2  per  cent  of  the  one  day,  or  50  miautea. 

Neglecting  the  fact  that  the  canera  is  drawing  peak  power  for  only 
l/l2  of  thle  total  on-time,  aBSinae  that  it  is  drawing  this  100  watts  on 
a  continuous  heels  for  the  50  minutes .  The  total  amount  of  power  re— 
(julred  for  the  camera  ia  less  than  100-watt  ho\irs,  an  amoxiat  of  energy 
that  can  be  furnished  by  a  few  pounds  of  batteries . 
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Appendix  C 

ATTITODS  SYABIIJZATIOK 
T.  B.  QarBer 


By  oplnnlng  a  vehlale  about  Ita  longitudinal  axis,  the  attitude  of 
the  body  may  be  stabilized  with  respect  to  an  inertial  reference.  It  Is 
of  interest  to  examine  the  affect  upon  the  angulstr  motion  of  the  body  of 
external^  applied  torques.  Such  torques  may  arise  from  a  number  of 
aoureaa:  aerodynamic  forces,  the  motion  of  components  within  the  vehicle, 
or  disturbances  during  propulsion.  Figures  1  and  2  define  some  of  the 
varlahles  of  interest. 

In  order  to  simplify  the  analysis,  a  elroular  orbit  has  been  assumed, 
■nie  rotational  equations  of  motion  of  the  vehicle,  in  body  axes  are: 

(b) 

O)  (1) 

(o) 


FrCTi  Fig,  2  the  relation  betveen  angular  rates  in  body  axes  and  the  rata 
of  change  of  the  orientation  angles  may  be  deduced. 


uiy  cws  Y  -  sin 


y  cos  6  a  w  sin  \jt  +  u  cos  y 

y  2 


(a) 

(b) 


(a) 


y  “  +  tan  s  P  sin  y  +  cos  yj  (o) 


Ibe  first  disturbances  that  will  be  considered  sure  those  due  to  resi¬ 


dual  control  system  errors.  With  a  constant  spin  rate,  about  the 
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z 


X,Y,Z,  Inertiol  system 

X  Longitudinal  oxis  of  the  vehicle 


Fi  q.  C- 2 —Orientation  angles  indicating  angular  positions 
of  the  velocity  vector  and  longitudinal 
axes  with  respect  to  an  inertial  reference 
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loogltiidlnal  axis,  and  vlth  no  dlatux^ing  torques,  Sq..  (1,  b  and  e)  have 
th»  foUovlng  solutions: 


u  “  'liL  cos  R  u  t  +  w  sin  R  u  t 
y  'o  z  X  Zq  z  X 

“z  “  “z  "  ‘V  “ac^ 


uhere  I  «■  and 

Introducjng  Sqs.  (3)  and  (1|-) 


E  .  ili 


Into  Sq.  (2)  jrieldB 


(5) 

(M 


e  -  ©,  + 


fe. 

-  -2 
«x 


+  ^  cos  R  t 
\  * 


X 


sin  R  t 

X 


(5) 


^6 

7  ■  £^+lp-^co8  R^t  +  ^  Bln  R^t  (6) 

I  w 

vhere  R^  •  — > —  ,  and  the  resid\ml  Initial  errors  are  denoted  by  € 
with  the  appropriate  subscript. 

In  obtaining  Bqs.  (5)  and  (6),  it  has  been  assuaed  t^t  d  and  7  are 
small  angles,  and  that  their  product  and  the  products  of  their  tisie  deri¬ 
vatives  may  be  neglected.  The  validity  of  this  assunptlon  depends  upcxx 
the  magnitude  of  in  Sq.  (2,c)  as  compared  to  the  remaining  terns  on  the 
right  hand  side  of  the  equation. 

The  angle  of  attach,  a,  is  of  interest  since  it  indicates  the  departure 
of  the  longitudinal  axis  of  the  vehicle  froa  the  local  horizontal.  With 
the  assuBQition  that,  over  the  range  of  of  Interest,  7  and  7^  are  «n»«n 
angles,  the  rigid  body  angular  motion  with  respect  to  the  velocity  veetor 
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In  the  absence  of  aerodynaxnlo  or  other  disturbing  torques  may  be  readily 
datemlned.  (See  Figs.  1  and  2.) 


a  - 


cos  R  t 


^j^slnR^t 


(«o 


a-l^ 


(7) 


a 


cos 


'"A 


sin  K  t 

X 


C8) 


uhere  la  the  desired  attitude  of  the  body  at  the  Inltlatlcm  of  the 

problem,  and  £  ,  £•,  and  £•  are  the  residual  errors  in  a  and  ^  and 

CX  p  Cl  p 

the  rates  of  change  of  those  angles  at  the  end  of  the  orientation  control 
period. 

As  vould  be  expected,  with  all  of  the  control  errors  equal  to  zero, 
the  body  longitudinal  axis  is  stationary  vlth  respect  to  an  inertial 
reference.  Hovever,  an  examination  of  the  above  equations  indicates  that 
vlth  rate  errors  present,  the  usual  precesslonal  motion  of  a  spinning  body 
vlU  occur. 

Consider  nov  the  resultant  error  in  0  and  7  caused  by  this  precession. 

For  the  error  in  0,  6^  values  of  l^sac  to  3°/Beo  vlU  be  assumed,  ddiis 

performance  Is  ooi^Tarable  to  that  obtained  in  the  attitude  control  of 

current  vehicles.*  A  similar  value  vlU  be  assumed  for  £..  The  angular 

position  errors,  £  and  £  ,  might  he  as  large  aa  2^.  With  Q  end  7  small 
w  7 

angles,  the  vehicle  orientation  error  due  to  residual  rate  'errors  is: 

*Buohhelm,  R.  W.,  'Lunar  Instrument  Carrier— Attitude  Stabilization,' 
HM-1730,  June  4,  1956  (Unclassified). 
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-  1.**! 


r 

—  — 

/£.\2 

< 

8  7) 

Ir  R 

\xj  v  */ 

(1  -  008  R^t)  V 
J 


(9) 


Pigura  3  ludloates  the  manner  In  lAlch  the  envelc^  of  AA_  vurlea  as  a 

•»  7 

function  of  the  paraaeter  R^. 


At  the  sad  of  the  ecntsrol  and  stabllisatim?  perloA  the  vehlola  is 


hoostad  to  orbital  speed.  With  the  thrust  axis  misaligned  by  a  tautll 
angle,  6,  a  disturbing  torque  is  applied  to  the  craft. 


My  -  T  •  4  •  6  (10) 

vhere  H  Is  the  thrust,  and  ^  is  the  moment  arm. 

With  zero  initial  eoQdltlona,  Sq.  (1,  b  and  o)  nov  have  the  following 
solutions • 


4" 


“y  -  R-TT  «z 

Z  X 


T  i  B 

(cos  R^  -  1) 


Z  X 


I  - 


where  0  £  t  <  t^  ,  and  •  — j- 


(11) 

(12) 


It  is  assumed  that  the  thrust  is  applied  as  a  step  funotion.  Tbus, 
Eqs.  (11)  and  (12)  are  valid  up  to  the  end  of  the  burning  period,  t_.  When 

D 

t  >  t-  ,  (o_.  and  have  the  following  fora: 


Tib 

nnr 

Z  X 


sin  R.u^t^  oos  R,u)  t  + 

&  X  n  z  X 


(cos  R^0)jj 


1)  sin  R_u  t 

Z  X 


(13) 
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Tib 

U)  c*  y”  "" 

Z  I 


vhsva 


t  > 


Introduoing 


(cos  B  <0  t„  -  1)  eos  H,w  t  =  sin  R„u  sla 

iuAJCS  u  A  sj  zx 

0  .  (Zero  tlaa  redefined  at  the  end  of  biuniug. ) 
Bq.s.  (11)  and  (12)  into  Bq.  (2,  a,h  and  c)  yields 


(14) 


'S  L  b 

"i 


y  COS  0 


T  i  8 


•I  o 

TV^  ^>2 


(a) 


(T*)  (15) 

(c) 


■where  0  S  t  <  tg  •  and  whore 

p,  •  Bln  R_u)„t  COB  ♦  +  (1  -  cos  R  u  t)  sin  ^ 

JL  2  X  Z  X 

p„  •  Bln  R,u  t  sin  ijr  -  (1  -  cos  R,«  t)  oos  ^ 

C-  Z  X  Z  X 

In  the  cose  of  Eq.  (15)>  the  validity  of  a  amall  angle  solution 

depends  upon  the  ungnltude  of  T  J!  &/l  R  «  It  should  be  noted  that 

this  term  may  be  reduced  by  reducing  the  thrust  and  Inoreasing  the  burning 

time  such  that  the  total  iapulse  remains  constant, 

A  procedure  that  may  be  followed  in  obtaining  solutions  to  Eq. 

{13,  a,  b  and  c)  is  to  expand  \)r  in  terms  of  a  Taylor  series  In  one  of  the 

parametera  of  T  5  8/l  R  u  .  Thus 
X  Z  X 
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■iiitii  p,  .t.l'fc'blc!  loonipulatioa,  0  may  1)0  ollElnatcd  fren  Bq.o  b  mad  e) 


p,,  Pg  t-  a 


-k) 


Po 


(17) 


Frop!  Eq.  (1?)  the  flrot  throe  toHao  ef  the  expanoion  o?  Bq.,  (I6)  say  be 


'='5K)  " 


(a) 


o  0 


(b) 


5«0 


/6-0  \  ^  V 


t  (1  + 1^)  2 

■■■■«  i 

X  X 


r 


I  (i>  - 1) 


sin 


V 


fl  -  I„\  1  (I„  +  I) 


(18) 


oln  (i.)  t  B^)  t  +  -3E--  Bln  2  H  t 

i  XX  2i  T  ^  ^ 

■‘■x 


(0) 


1 

+  ^  Bin  a  01. 


■A 


to  exatTinatlou  of  Eq.  (18,  a,b,  and  c)  iuAiuutes  that  the  first  effect  of 

2 

toe  mlaallgnBient  torque  appears  In  toe  coefficient  at  8  ,  and  conslats  of 
a  term  linoar  in  time  plus  an  oscillating  component. 
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1  /''4'f 

From  Eq,.  (20)  It  can  ta  eean  that  tha  disturbing  torque  Influences  both  the 
amplitude  and  the  period  of  the  pitch  osdlllatlon. 


CONFIDENTIAL 


CONFIDENTIAL 


I8(-S012 

U-a2-57 

51 


Combining  Eq.  (15 ,b  and  c)  yields: 

[/t4  8\2  2 

r  “  i  1  vb-t:-  Po  + 


1/2 


I 


.1  R 


V  -  “x^ 


(21) 


Equation  (21),  upon  consideration  of  Eq.  (18)  and  Eq.  (19),  >i>oy  T>e  reduced 
to  the  following  form: 


4  6  ^  /t4  6Y 


»  '.“x  '=  * 


2(0^“  \^z“x 


^  (cos  R^t  -  1)  +  (1  -  cos  (A^t) 


Integrating  Ea.  (22)  jr^elda: 


y  “  Ajj  sin 


\  +  u 


(22) 


(23) 


r  "1  *  T. 

(r  4  6Y 

L  J  2.^5 

If  terms  \q?  to  8  are  retained,  then  the  pitch  and  yaw  errors  due  to  thrust 
misalignment  at  the  end  of  the  burning  period  are: 


A®, 


6 


Ajj  foos  (Rjj  +  u)  tg  -  1  +  Tl  -  cos  (u)^  +  a)  tg]  (24) 

X  ^  -J  X  l_  J 


and 


^8  “  \  («x  +  S  -  \  (“x 


(25) 


An  examination  of  Eqa.  (24)  and  (25)  indicates  that,  for  a  known  misalign¬ 
ment  angle,  and  Ay^  may  be  constrained  to  be  zero  at  tg  for  any 

particular  vehicle  design,  regardless  of  the  value  of  A^  and  A  .  Thus, 

”x  .  “x 
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(26) 

(n  +  2)« 

(27) 

where  n  Is  an  even  Integer, 

Introducing  the  expression  for  p  given  with  jsq,.  (20)  into  jstj.,  ^2f) 
yields: 


The  ratio  ^  may  be  found  in  terms  of  and  tg  by  subtracting  Eq,.  (26) 

from  Eq.  (27).  Thus, 


An  approximate  solutioi  of  Sq,  (29)  W  be  found  by  expanding  in  a 


Taylor  aortas  in  5. 


n  +  1 


V  ijj  6 

."snr 
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Figura  4  is  a  plot  of  tbe  required  and  I^j/l  as  a  function  of  the  btiming 
tijne  for  the  case  in  which  n  is  2. 

The  thrust  misalignment  az^gle  d  is,  of  course,  only  known  in  a  sta^ 
tistical  sense.  Figure  ^  shows  the  variation  of  the  errors  in  9  and  y 
as  a  function  of  6.  In  this  pcorticitlar  case,  the  system  has  been  tuned 
such  that  the  errors  in  pitch  snd  yaw  would  be  zero  at  tbe  end  of  a 
5.9  second  burning  period. 

Pitch  and  yaw  errors  would  be  e:gpected  at  the  end  of  the  burning 
period  d»ie  to  errors  in  the  spin  rata,  the  burning  time,  and  in  other 
paraaeters,  such  as  I^/l.  Since  tbe  moments  of  inertia  of  the  vehicle  may 
be  careruiiy  adjusted  prior  to  flight,  only  errors  in  H  and  y  aue  to 
and  Atg  will  be  considered.  Thus 


AS 


^  [^cos  (B^  +  u)  tg  .  Ij  -  Aj^  sin  (R^  +  u)  t3  A(R^  +  u) 

(32) 

+  ^  ■  °°°  (“x  \ 


However,  for  a  tuned  system,  A6a  la  zero  for  smaTl  errors  in  u  . 

.  Aio^  X 

Similarly,  A9.,.  is  zero.  In  the  case  of  the  yaw  angle,  y,  the  following 

^  . 

errors  would  be  expected: 

■  \  (t  ''“x'bJ  -  \  H  S  <55> 

and 

“  \  ('x*"'  ''‘b  -  \  <“X  *  **3  W) 


CONFIDENTIAL 


SECRET 


SH-a012 

U-X2-57 

l/*!  'ouJa-J'  >3  siuaujou, 


(oas/poy)  ’‘m  '3»oj  uidg 


SECRET 


I 


•4  —  Required  interrelationsTiip  of  vehicle  parameters 
which  result  m  a  period  of  oscillation  uf  tr 


Pitch  or  yaw  error  angle, 
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F;g  C-5  —  Pitc^i 


\J  I 


Gnd 
G  S 


yaw  error  angles  at  the  end 
G  function  of  the  thrust 


rnisolgnment  errors 


SECRET 


iVoni  WiG  (toflnitlonn  of  A  ,  A  n  upon  pe'?o  0,  It  lo  apparent 

\\  (a) 

X  X 

in  oloo  zero,  ;fiillo  A^a  appiX'^toatoly  zoi’Oo 

Aftoj?  the  burning  period  lo  over,  Bq«  (13)  oad  Eepo  (l^.'-)  give  the 

body  rntoQ,  t.i  cad  ci  .  Hotavar,  froa  the  dsflnltloa  of  R  ,  and  from 
y  z  z 

EepOo  (26)  cad  (27),  it  oon  bo  ocoa  that  lo  equal  to  2ii  radianOo 

Tliua,  (.iy  and  u>^  ni=o  eero  for  t  > 

Of  eouroo,  the  raoet  (Uraet  approaeh  In  nduelng  the  aagaltudao  of  tto 
fo570Qd  QfJ.=oro  in  0  and  y  io  to  inoroQOO  yor  largo  voIuqs  of  tho  opia 
rata,  tho  oE^lltude  eenetonto,  Aq  and  A  ,  approach  aoro,  oad  it  lo 

X 

uot  iiGecosary  to  exljuet  tlso  porlodo  of  tho  oaolUatlonOo 


■\P  Tya4*g>l  gy  O 


radleufl  par  ooeondo  Thuo,  vmleso  the  roqnlred  increiaent  In  speed  lo,  by 
deoi(^,  tept  omeU  00  tliat.  In  turn,  the  lAloaligninent  torque  is  email,  tho 
porlodo  of  ooelllatlei  oUould  bo  tuaod  to  onsuro  Oimll  orroro  after  tho 
propulsioa  period  io  ovor, 

She  next  of feet  to  bo  oxaralncd  In  that  of  raeidual  aorodynonle  forceo. 
From  eonoldoration  of  Pigo,  1  asid  2  la  caajunetloa  with  Sqs,  (1)  and 
(2),  tho  following  equntioao  my  bo  written: 


a  0^  »  Da)  ((5  yy)  0^)  «  0  (35) 

i 

0  t  y^  -  (Lp  -?•  Dp)  •=■  (d  -i  (^  =  RgUjj)  °  0  (36) 


\/Ugfg 


oiid  (36), 


L  io  the 
a 

Lp  lo  tho 
n  lo  the 
oil  angloo 


lift  force  due  to  a,  acting  perpondioular  to  V, 
lift  force  due  to  p,  acting  perpendicular  to  V,  and 
drag  force  acting  along  V„  In  obtaining  Eqs.  (35) 
except  V  arc  oaaused  to  bo  'oiaall  angles,'  Thus, 
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L  =  I 


ref 

c'JG, 


1  .0  ^  T 

%  “  5  ^  ^  W'  ^ 


(g) 


(U)  (37) 


»  °  I  S 


(e) 


Ui»ea  adogtliag  a  elreulor  ojrtjifc,  oad  lotting  ^  ° 
hGVo  the  foUo'iflBg  fos®: 


Oi  -t  (M^)  °  0 


«"  =  i  (|  o  (c„ 

K  »  (l  P  ^  \aj?)  ^D  ° 


^  H 
Vr«  ^ 


5.110  DolutloBO  of  Kqo„  (38)  QS'l  (39)  BiGy  1)0  poodlly  obtoiaod. 


a  a 


"E  n  . 

2 

80  ^v 

=S-|=  a„  z. 

— =~g_  S  z 

V  r  ^  ^  .  , 

77^  ^ 

TIT^TT^  olazj^t 

'^1  "5  ' 

--  ^-3 

Din  z,t 
3 


(38) 


(59) 


(J^O) 


9  a 


®o  ^'S  \ 


V  P"  01 


So  ®k  "-3^ 

8T~T  TT 

V  S'  (Zj^  =25) 


So  \  ®P“  2’s'^ 

““  *1'  "  //■  ^  ,  i - 5^ 

V  r  ,0^  (z^  =  ) 

(41) 


o 


2 “» 

Wjj  ■!■  “jp-  ■!•  ^ 
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A 


a 


(g  P  V  *  (Cjj 


■4- 


0c 


Aa  tho  aorodyoGale  offoeto  liGae^na  negligible,  the  pas’SHoter  approaehoo 

zero,  ^fhlle  approaoheo  IT  Uio  satellits  hao  a  two  day  eperatleaal 

15 

eopabllity,  tbon  the  maxlmisn  value  of  t  lo  of  tho  ei^dor  of  l.'R  x  10 
ooQondOo  For  the  aaglo  z^t  to  roiaaia  Daall  over  thlo  period  of  tlsao,  it 
io  noeoooary  that  havo  a  aai^itvide  not  (pseator  thtm  10“^»  Tbuo 


Flgura  6  lo  a  plot  of  ,  tho  ratio  of  the  otatio  ntargln  to  the 
piteh"jrB^7  nioaout  of  laortia,  act  a  fuactioa  of  oJ.tltud.0  with  tho  reotriction 
iiapoced  by  Eii.  (li-2)o 

Ao  a  typlcol  oxomplo,  for  oa  orbit  altitude  of  800,000  foet  with 

2 

eriucl  to  one  and  irlth  I  cgjiol.  to  20  olug-ft  ,  the  center  of  aaao  and  the 
eontor  of  praeouro  saay  have  a  moxii'ium  ooparation  of  0.57?  laches  to  onBura 
tliQt  torquoo  due  to  uorodynanle  offoeta  ixeo  negligible.  With  a  omaU 

angle,  Eq.  (4o)  and  Bq„  (4l)  have  tho  foUotring  fora 


«o*‘e 

V 

V  r^ 

If  ▼ 

2 

R 

h 

6„ 

b) 

0  E 

X 

n 

2 

2 

V  r 
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Tliuo  a  is  approKlEQ-fcGiy  equal  to  Ogj,'*-  .  's'uile  (5  lo  apSPOKlaately  zero, 
which  le  the  rasult  ludleatod  hy  EqOo  (7)  ssid  (8)  fo?  the  qqoo  of  zopo 
initial  ersrO?B. 

Dlotuyboneecs  which  ofioG  dus  to  the  motion  of  ifttosraul  eampeoGnts 
Slay  he  alnimizod  by  the  pro^r  plasoEvant  of  ouch  gears  As  an  example, 
eay  rotating  machlnory  ohould  be  plaeed,  if  poDBlblc,  iflth  tho  oxos  of 
rotation  eolaeldent  vrith.  tho  vehicle 'o  longitudinal  opln  axiOo  Tha  siotlon 
of  oueh  squipiont  ulll  thon  eauao  perturbatlonc  in  the  spin  rate,  but  MU 
not  Qxort  moaaaito  which  vsould  reoult  la  a  plteh  or  yaw  motion  o 

If  it  required  tho  opla  rate  could  bo  regulatad  by  tho  usa  of 
a  reaction  xiheel. 

Other  dlaturbancao  ousih  ao  thoao  duo  to  sateor  impact  end  maipietie 

field  lateraetlono  may  occur «  Hoaovor,  tho  former  ovoat  appears  to  ba 

(1) 

very  unlikely)  'wiillo  a  prcllmlBary  exoaBiaatlen  of  tho  latter  effect  ladl= 
eatoo  tliat  for  the  vehicle  under  ecnolderatloa,  no  oignlflcent  orrorn 
should  develop  during  a  two  day  oporational  period, 

ThuB,  tho  oxpresoiono  for  tho  total  error  in  0  and  y  ore; 


AQ  a 

i  J  OoTOT 

AA„  i 
0,y 

(‘^5) 

“ 

+  t  +  0.707 
/ 

AA„  i 

0»y 

2S 

In  ordor  to  cvuluato  the  root  oum  squared  values  of  and  Ay,  the 
following  valuGB  have  been  aooximed; 
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n  C  ^  i  O.OT)  i-oA 

e  y 

a  6o  o  +  0„035  rP-<E/ooe 
Wjj  “  1.957  i'ad/scs 

a  ■‘'  0.035  rad/noe 
t 

=  o  0.465 
“  5.9  oseo 

Tlio  prseefllng  vciIugo,  1«  eonjxuietion  vjlth  PlgH„  3  oad  5  aad  Bqp.  (^5)  aad 

(U6),  ylQld: 


^®s?oo  ° 

^^roo  ° 

13;o  pylp-iiyy  oous'co  oi'  rate  dlotu!fb<y.seo  Id  tho  inltlel  sroDlduol  orror  rat-oo. 
Tiiufl 

<=■  Ar  °  OoOli-9  rad/eoe 

Frea  tlie  polni'.  of  vlow  of  the  operational  roqulremantB,  the  attitude 
Dtoblllzatlon  of  the  vohiolo  pooos  no  itarticulor  dlffieultieB.  Big  assuraod 
parfonaGneo  of  tlio  erlontatton  control  oyotem  in  inlthia  current  eapabilltleo . 


(l. )  Buchhelm,  R.  W.,  'Lunar  Instrument  Carrler“-Attitude  Stabilization,' 
The  RAHD  Coirporatlon,  Research  Memorandum  RM-1730,  June  4,  1956 
(Unclassified) . 
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Appendix  D 

GUIDAUCE  ACCURACy  RBQUIRKMaiTS 
J,  H,  Huntzicker 

Tho  inaccuracies  that  may  be  tolerated  in  the  ascent  guidance  system 
can  be  related  to  the  design  altitude,  v;hich  is  determined  by  a  ccsnpromisa 
of  the  photo  interpreter' s  desire  for  large  scale  and  the  requirement  to 
keep  aerodynamic  forces  negligible  during  the  one-day  operation^  Photo¬ 
graphic  quality  V/ ill  in  general  oe  good,  independent  of  the  altitude;  how¬ 
ever,  the  intelligence  value  of  the  pictures  will  decrease  if  the  altitude 
is  too  groat.  In  this  connection,  one  problem  v;hich  should  be  resolved 
ringing  the  antollltn  test  program  Is  the  determination  of  air  density  as 
a  function  of  altitude;  v/lth  those  data  a  minimum  operation  altitude  can 
be  ostabllshed. 

For  purposes  of  determining  guidance  tolerances  a  design  altitude  of 

750,000  ft  (1/4.2  mi)  has  been  selected,  with  permissible  variation  being  . 

+250,000  ft  {k.7o3  fii)«  At  these  altitudes  aerodynamic  effects  are  nominal. 

If  the  variation  in  altitude  were  to  be  considerably  reduced  the  design 

altitude  could,  of  course,  be  lov/ered. 

This  aceoptablo  range  of  altitude  (I/4.2  +47.3  ffii)  can  bo  interprotod 

in  tenns  of  ascent  guidance  requirements  in  the  following  manners  The 

minirauiQ  or  perigee  altitude  (h  )  and  the  maximum  or  apogee  altitude  (h  ) 

P  ^ 

aro  uniquely  detoiiriiiied  by  those  conditions  at  the  end  of  final,  or  third- 
stage,  burning;  the  magnitude  of  the  velocity  (v^),  the  direction  of  the 
velocity  vector  v/ith  respect  to  the  horizontal  ('*'^)  and  the  altitude  (h^). 
They  are  related  by  the  folJL owing  equations: 


RM-2012 

H-12=57 

64 


r 

ti 


u(l“er 


J, 


r  a 
P 


2  2  ^2  ^ 
lACl-i-a) 


v/hare 

r.  "  h.  ■^  r  ^  T'-Jfl  i  ilfl  rvf  t.hA 

1  i  e'e'  "  ^ 

5 

[jL  =>  g  (g  n  the  gravitational  constant) 


(1) 


(2) 


and  the  orbital  eccentricity  e  is  defined  by 
«=•  r 


0 


7  ^  r 

a  p 


^  cos^ 

.and  Q  a  <  1  .=  (2  -  v„  r«/p)  ^ - 

/  3  3"  p 


1/2 


(3) 


f'tgure  D=1  presents  and  as  functions  of  AV^  for  varying 
A  vfhereAV^  =■  v^  -  v^  (v^  ■=■  circular  velocity  at  142  nd)  and  a  ° 
(i,e,,  '2o_o  for  a  circular  orbit).  This  figure  does  not  include  the 
effect  of  errors  in  the  altitude  of  final  burning  (Ah^),  This  effect 
can  be  approximated  by 


dh  dh 
—S.  o 

dhj  dh^ 


<•  2 


(4) 


Figure  D=1  will  yield  a  measure  of  the  inaccuracies  which  are 
tolerable  in  the  control  of  the  ascent  trajectory,  but  this  only  in¬ 
directly,  For  D-1  to  bo  meaningful  in  terms  of  the  performance  required 
of  the  guidance  equipment  it  is  necessary  to  examine  the  flight  path  to 
determjjie  v/here  errors  originate  and  hov/  they  propagate  to  the  point  of 
final  thrust  cut-off  (Point  3)« 
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AV3  (ft/sec) 


Fig.  D-l  — Apogee  and  perigee  altitudes  related  to  errors 
in  the  magnitude  (AV3)and  direction  (AX3) 
of  final  burnout  velocity 
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Figure  D-2  illustrates  a  representative  ascent  trajectory.  At  Point 
1  second  stage  bum-out  occurs,  followed  by  orientation  and  spinning  of 
the  third  stage.  A  long  coasting  period  (about  48OO  n  mi)  takes  the  ve¬ 
hicle  from  Point  1  to  Point  2  where  third-stage  burning  occurs.  Point  3 
is  the  point  of  final  bura-out  and  hence  the  initiation  of  orbiting. 

Inaccuracies  in  guidance  prior  to  Point  1  will  result  in  errors  in 
altitude,  velocity,  and  direction  at  Point  i.  Each  of  these  errors  con¬ 
tributes  to  errors  in  all  three  quantities  at  Point  3.  Errors  are  also 
introduced  by  inaccuracy  in  the  control  of  the  magnitude  and  direction 
of  the  velocity  increment  added  between  Points  2  and  3*  One  to  the  small 
amount  of  velocity  added  in  the  third  stage  (approximately  3OO  to  5OO 
ft/sec)  the  effects  of  these  errors  should  also  be  small  (e.g. ,  if  the 
velocity  varied  by  +  2  per  cent  and  the  direction  by  +  5  degrees  the  re¬ 
sultant  errors  in  final  cut-off  conditions  are  +  10  ft/sec  and  +1,7  mils, 
which,  if  added  with  zero  correlation  to  the  errors  originating  at  Point  1, 
will  be  negligible. ) 

The  assumption  was  made  that  final  burning  occurs  at  a  constant  range 
angle  measured  from  Point  1.  If  final  burning  were  controlled  with  a  pre¬ 
set  clock,  further  errors  would  bo  introduced  by  inaccuracies  in  the  clock 
and  by  variations  in  the  time  required  to  reach  the  desired  range  angle. 

The  latter  introduces  an  error  in  range  angle  of  less  than  10  miles.  Congpa- 
rabla  accuracy  in  the  time  base  would  require  a  clock  accurate  to  about 
0,1  per  cent  (  80  sec/day).  These  effects  will  bo  insignificant  relative 

to  those  caused  by  errors  in  second-stage  cut-off  conditions. 

On  the  basis  of  the  preceding  considerations  the  remainder  of  this 
study  was  restricted  to  an  examination  of  the  propagation  of  errors  from 
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Point  1  to  Point  3  (nearly  identical  in  space  to  Point  2).  During  the 
coasting  from  Point  1  to  Point  2  the  vehicle  follows  an  ellipse  described 


where  0  is  the  range  angle  measured  from  the  apogee  of  the  ellipse  and 


^1 

“  ^dl  * 

AVi 

*■1 

-  ^dl  " 

Ari 

**  + 

A  Vt 

1 

dl 

1 

The  symbols 

^dl>  ^dl 

and  are  the  design  conditions  at  Point  1  as 

indicated  on  Fig.  D-2,  The  values  Ar^  and  a  calculated  at 

a  point  down-range  0  radians  (0  is  the  design  coasting  range  angle  - 
c  c 

see  Fig.  D-2);  0^  will  be  equal  to  0^^  +  0^  (0^  being  negative  inasmuch 
as  the  apogee  is  down-range  from  Point  1). 

In  addition  to  Eqs.  (3)  and  (4)  the  follovdng  are  used! 


2u  2  ^  „  2 

r  r,  1 

tan  T  m 


The  final  errors  are  than 


^^^3  °  ^2  -  ^d2 


^^3  “  '*2  -  ^d2. 


a^3-  V 


(O 

(7) 

(8) 

(9) 

(10) 


These  were  calculated  for  all  combinations  of  a  range  of  values  of 
Av^,  Ar^^  ^md  ^  Representative  results  are  plotted  as  Figs.  D-3,  D-/* 
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and  D-5.  As  can  be  seen,  the  relationships  are  quite  linear  within  the 
range  of  interest  and  can  be  approximated  by 


A  Vj  » 

-2.5  X  IcAa.'^j^  -  0.75  4V^  -  10"^  4 

(11) 

^r3  ” 

2. 1  X  10'^  A  ^  +  1,  5  X  ICp  A  Vj^  +  ^  '^l 

(12.) 

4  “ 

0.1  A  '^  +  7. 5  X  10“^  Av^  -  5  X  10”®  ur^ 

(13) 

A  marked  negative  correlation  exists  between  a and  4r^,  the  net 

effect  being  to  limit  the  variation  of  h  and  h  of  the  final  orbit  (sea 

a  p 

Fig.  D-l).  This  is  further  demonstrated  by  the  inclusion  of  av*  on  Figs. 
D-3,  D-4  and  D-5,  where  4 v*  is  the  velocity  error  defined  with  respect 
to  the  actual  altitude  at  Point  3  rather  than  the  design  altitude.  The 
value  of  AV*  is  in  general  only  a  fraction  ofAV^, 

Based  on  the  foregoing  we  can  stipulate  the  approximate  accuracy 
required  of  the  first-  and  second-stage  guidance  equipment.  In  order  to 
establish  an  orbit  which  will  remain  within  altitude  limitations  of 
1U2  ♦  47  mi  we  could  tolerate  probable  errors  in  velocity  of  as  much  as 
+50  to  +75  ft/seo  and  probable  errors  in  angle  of  up  to  +4  to  +6  mils. 
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a.  A.  'looke 

'I'ho  Eraln  featAimn  of  tho  orbit  of  tiilo  pi’oponcjd  i-econaai  eoannc  aystera 
GiTi  the  Ineliiiation  of  tho  orbit  and  the  op:Atlal  orientation  of  the  oatel- 
llte  vehlelo:  the  orbit  in  to  be  In  a  plane  paoolug  through  the  poluo, 
and  the  oatelllto  io  to  be  orlontort  no  that  Ito  roll  axlo  io  horizontal  nt 
a  latitude  of  55  dog  =-  tlmt  io,  the  roll  axin  io  at  an  angle  of  35  deg 
relative  to  the  equatorial  piano.  A  polar  orbit  requlren  tliat  tho  oatol- 
.i.ito  no  jmmehod  in  n  oouthcriy  dir<;cfcioii  fx-uia  Camp  Cuoka  (hititudo  3^"5  deg 
North),  Gad  that  the  roll  aslo  of  tho  oatullito  be  oriented  oo  that  it  lo 
horlaontnJ  at  a  latitude  of  55  deg  South.  If  tho  final  orbital  velocity 
iiieroaent  in  to  be  odjdod  at  55  dog  latitude  oouth,  the  total  aBcent  le 
npproKlEGtoly  5^‘00  n  ml.  That  in,  thin  oatolllte  ancent  path  io  equivalent 
to  the  firot  bfllf  of  a  oliallov;  bnlliotle  mioolle  trajectory  of  about 
10,000  n  ml  total  range.  Thlo  aoeent  path  will  require  tho  roaxisum  porfor= 
sEinco  capability  from  tho  booBter  cosablnatlon.  An  alternate  method  of 
oatabllohlng  the  orbit  ultb.  tho  correct  enteii-ite  orientation  ulll  be 
dioeuoBod  later. 

Tho  launching  vohlelo  for  the  oatolllte  eonoloto  of  a  two-stago  booster 
eoiflljinatl  on  “  tho  Thor  and  tlio  oocond  otago  of  Vanguard  —  plus  a  oiaall 
oolld  propellant  rocket  of  tho  Vanguard  thlrd-otago  type  to  give  the  final 
orbital  velocity  Incraiaent.  The  booster  stages  are  deoeribed  la  Appendix  F. 
Tlio  vehicle  paraiaotora  pertinent  to  tho  pax’forBQneo  study  are  repeated  In 
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Tiio  biirnoitt  voloclty  of  t.lw  booBtei'  cowbi riQtion  wfto  ftpproxl sited  by 
iioe  of  tbG  thGorotical  vnloelty  potential  of  each  oto.f'O  raiuuo  the  approxl- 
Ejato  valMoo  of  the  velocity  looooB  duo  to  drag  arad  (prfivlty.  The  velocity 
loon  due  to  gravity  Aurliig  tlio  ‘Hior  pouerod  otajje,  flovm  on  a  grovlty^turn 
liath,  io  olioTfn  In  FJg.  E-l  ao  q  fimetlon  of  the  flrot=otage=bumout  path 
angle.  The  velocity  loos  due  to  drag  for  a  noalnQl  configuration  io  qIqo 
Included,  'fhe  oeeond-otage  gravity  iooo  Id  givon  in  Fig.  E-S,  al6o  for  a 
gravity- turn  path.  The  curve  of  firot-stago-burnout  path  angle  io  included 
to  rolntG  tho  tt?o  flgurao. 

An  average  opeeifie  lETpuloo  ratio  l/l^  °  1-13  uao  uood  for  the  flrot 
otAgn.  'flic  Qocond  ottigo  orpsrntco  at  ul.tltudoo  above  200,000  ft  oo  that  ito 
drag  decoloration  ulll  bo  oiall  ond  io  noglocted  in  thlD  aiialyBls.  Tlio 
OGcosid  Qto.gG  opaelfle  luipuloo  ulll  bo  coaotant  nt  tho  vueuiua  value  of 
27O  ooe. 

Tile  apppoxlfnato  burnout  altitudoo  of  the  flrot  and  oeeond  stageo  aro 
givon  in  Fig.  E-3  ao  funettono  of  oocond-otago  path  angle.  Tho  flrot-  and 
oecond-otago  burnout  rangoo  aro  approxliaatoly  90  oad  li50  n  ml  reapoetlvely, 
for  traJoctorlGO  which  are  nearly  horizontal’ at  oocoad-otago  burnout. 

The  final  iinrnout  velocity,  at  a  givon  path  angle,  io  glvoa  by 


°  “  eS  (1  ”  °  '''2^  " 


where  the  proiKjllnnt-grooo  wolglit  ration  and  v,,  are  detormiaod  from  the 
aooujiind  oocond-otage  paylood  wol(dit  and  tho  data  given  la  Table  1. 
liio  ooeond-ntago  payload  freight  lo  given  by 


pay„ 


orb 


v/v 


ET 


S  F  f*  R  F  T 
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ulfch  i\  pTOiiolliint  -■  totnl  motor  ratio  v  of  opproxluiateljr  0.75  (ooo 

Appandix  i''),  orxd  the  required  v  value  eomputod  froei  the  orbito.!  velocity 
IrierQiiTjnt  uolng  a  opoclfic  Impulao  o  2U5  0<?c. 

Fug  aoeont  trajectory  for  qu  orbiting  ^felglit  of  300  lb  liiunehod  from 
Camp  Cooke  directly  into  the  orbit  at  55  deg  oouth  latitude  lo  ohoua  in 
Fig.  E=k.  ('fhl8  aocent  trajectory  uqo  computed  foi’  a  circular  orbit  at  an 
altitude  of  about  lOo  otat  ml.)  Tho  total  booster  velocity  potentie-J.,  irlth 
a  oocond=ntago  payload  veigiit  of  350  lb,  is  29>350  ft/oee  which  la  doereaoed 
to  a  burnout  velocity  of  25,700  fi'./ooe  by  the  looooa  duo  to  drag  and  gravity 
on  this  oliQllow  tsujftctory.  The  oeeond-otage-bumout  path  angle  io  2  dog 
at  sa  oltltudo  of  335.000  ft,  rooulting  in  nn  eecontrleity  of  about  0.035 
for  tho  froe-fllglit  oocont  elllpoe.  Tno  circular  orbit  velocity  Increment 
roqulrad  foi*  thlo  trajectory  io  only  450  ft/oce,  which  lo  typical  of  a  long 
range  oatelllto  o.oeont  tmjoetory.  Tno  oolld  rocket  motor  for  thio  orbltol 
voloclty  Inerotcant  will  about  25  lb.  Wie  total  required  velocity 

iwtontial  of  tho  tlusoo  po'?orod  otagoo  io  29,00O  ft/oee  for  thio  aoeont 
tmjoetory. 

The  effect  of  total  o.ocout  rango  on  the  alloifablc  orbiting  weight  lo 
oho'im  in  Fig.  K-  5*  It  can  v>e  neon  that  thn  aiiownhle  orbiting  iralfdit  for 
thio  vehicle  combination  eo\ild  be  abo\it  400  lb,  or  an  incroaoo  of  about 
30  porcont,  if  tho  aoeont  range  were  about  2700  n  Mi,  or  half  tho  rango  ro- 
qvtirod  for  launching  tho  oatelllto  from  Camp  Cooke  and  entering  the  orbit 
at  a  latitude  of  55  deg  Sovith. 

'Ibo  relative  voloclty  eontrlbutlono  of  tho  hoooter  combination  and  of 
the  final  otage  will  vuiy  no  tho  aoeont  mnga  lo  changed.  Ao  the  accent 
rango  in  docroaoed,  the  required  orbital  velocity  increment  io  inereaood 
xfhllf  tho  boootor  velocity  Incroisent  io  docroaoed.  Tue  aot  renult  lo  an 
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Increase  In  the  allowable  orbiting  wei(^t  as  the  ascent  range  is  reduced  to 
a  more  nearly  optimum  value  for  tills  booster  combination. 

Bie  lower  horizontal  scale  of  Fig.  E-5  indicates  the  corresponding 
launch  latitude  for  orbit  entry  at  55  deg  South.  For  example,  if  the 
launch  site  were  at  a  latitude  of  approximately  10  deg  North  (Panama),  the 
allowable  orbiting  weight  for  this  booster  combination  would  be  increased 
by  about  10  per  cent.  Alternately,  if  the  orbiting  weight  were  fixed  at  a 
value  of  300  lb,  a  small  performance  margin  would  be  available. 

Another  possible  scheme  of  eatabllshing  the  satellite  in  an  orbit  with 
the  required  vehicle  orientation  (horizontal  at  55  deg  South)  is  sketched 
in  Fig.  E-6.  The  trajectory  parameters  at  second.*. stage  burnout  are  such 
as  to  lead  to  a  free- flight  ellipse  which  has  an  apogee  altitude  somewhat 
hl^er  than  the  required  orbital  altitude  at  a  shorter  distance  from  the 
launch  site.  After  second-stage  burnout,  the  satellite  vehicle  is  oriented 
correctly  (roll  axis  at  35  deg  relative  to  the  equator)  and  spun  to  the 
required  roll  rate.  When  the  vehicle  coasts  up  to  the  required  orbital 
altitude  at  an  intermediate  latitude,  1^,  the  third  stage,  which  is  oriented 
as  mentioned  above,  adds  the  appi'opriate  velocity  increment  to  the  vehicle's 
velocity  in  the  ellipse  so  that  the  resultant  velocity  is  directed  hori¬ 
zontally  at  that  jjolnt  with  a  magnitude  equal  to  the  required  circular 
orbital  velocity.  Hxe  final  velocity  increment  required  for  this  method  of 
orbit  injection  will  be  somewhat  larger  than  the  value  required  for  in¬ 
jection  at  55  deg  South  (Fig.  E-4),  so  that  the  final-stage  gross  welglit 
will  be  increased  alightlj.  The  variation  of  orbiting  weight  with  range  to 
apogee  shown  in  Fig.  E-5,  however,  is  such  that  the  required  weight  increase 
may  be  compensated  for. 


SECRET 


RM-2012 

11-12-57 

85 


FIRST-STAGE  BOOSTER 

Thor  (WS-315)  IRBM  is  used  to  provide  the  initial  rocket-powered 
boost  for  the  proposed  reconnaissance  satellite.  Based  on  a  preliminary 
review  of  the  Thor  airframe  and  its  major  components  and  systems ,  it 
appears  that  an  upper  stage,  or  stages,  weighing  5OOO  lb  could  be  placed 
on  the  Thor  without  modification  to  the  basic  airframe  and  its  primary 
components.  The  estimates  presented  in  this  report  are  intended  to  out¬ 
line  the  more  basic  considerations  associated  with  the  use  of  the  Thor 
as  a  first-stage  satellite  booster,  and  are  not  intended  to  reflect  a 
complete  analysis. 

For  the  trajectory  analysis  presented  in  Appendix  E,  a  weight  summary 
of  the  Thor  missile  is  given  in  Table  1.  These  data  are  based  on  informa¬ 
tion  contained  in  Refs.  1  and  2. 

Table  1 

WEIGHT  SOMt-IARl  -  THOR  MISSILE  (lb) 
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Structures  Group  .  3O6O 

Propulsion  Group  .  2380 

Guidance  and  Control  Group*  .  1565 

Separation  System  .  30 

Electrical  System*  .  200 

Dry  missile  -  less  upper  stages  .  7235 

Unusable  Propellants . .  ,  1525 

Pressurization  Gases  .  372 

Bum-out  Weight  -  less  upper  stages  . .  9132 

Usable  Propellants  .  97,030 

Take-off  Weight  -  less  upper  stages . 106,162 


*Modified  weights  -  see  discussion  below. 
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The  modified  guidance  ind  electrical  syste^r  veichts  are  due  to  the 
omission  of  the  ACSP  guidance  unit  and  a  portion  of  the  vernier  system 
for  the  satellite  mission.  Elimination  of  the  guidance  unit  reflects 
a  weight  reduction  in  the  electrical  pov;er  system,  as  well  as  inlhe 
guidance  system,  because  of  reduced  power  requirements.  (It  is  assumed 
that  the  required  electrical  power  is  obtained  from  the  same  type  battery- 
inverter  power  source  used  in  the  early  Thor  missile. )  Since  vernier 
rockets  will  be  required  only  for  control  during  the  main-rocket  boost 
in  this  application,  the  vernier  propellant  tanks  may  be  omitted.  The 
allowance  for  unused  propellants  shown  in  the  table  includes  a  1  par  cant 
reserve  for  propellant  utilization  errors. 

Although  the  axial  loads  resulting  from  the  5000-lb  upper-stage  load 
(the  design  re-entry-body  weight  is  3500  lb)  are  estimated  to  be  within 
the  load-carrying  capability  of  the  Thor  airframe,  the  increased  length 
of  the  upper  stages  may  result  in  a  larger  airload  and  larger  bending  loads, 
which  may  require  localized  stiffening  in  the  guidance  section  and  in  the 
section  between  the  tanks.  Because  of  the  differences  in  the  diameter 
of  the  re-entry  adaptor  ring  and  the  body  diameter  of  the  upper  stage, 
it  maybe  desirable  to  consider  a  modified  nose,  or  guidance,  section 
for  the  Thor  missile.  The  actual  design  of  this  section  would,  of  course, 
be  determined  by  the  actual  design  choice  of  the  upper  stage.  If  the 
second  stage  of  the  Vanguard  system  is  used  on  the  Thor  booster,  this 
guidance  sfict.ion  may  be  modified  as  shown  in  Fig.  F-l, 

SECOND-STAGE  BOOSTER 

The  second-stage  of  the  Vanguard  vehicle  is  utilized  as  an  example 
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of  tho  type  of  vehicle,  and  the  performance  required,  for  adaptation 
to  the  Thor  airframe  for  satellite  missions.  Although  other  missile 
components  could  be  Included  for  this  application,  it  isbslieved  that 
the  Vanguard  second-stage  could  be  available  at  an  earlier  date  and  would 
have  a  greater  flexibility  than  other  components;  for  example,  the  11 7L, 
or  a  modified  Sergeant-type  solid-propellant  booster  with  a  special  control 
system  added  for  vehicle  orientation  after  bum-out. 

The  Vanguard  second  stage  consists  of  a  propulsion  package  manu¬ 
factured  by  the  Aerojet-General  Corporation  and  assembled  into  a  complete 
second  stage  by  the  Martin  Company  with  the  addition  of  the  guidance 
(autopilot)  and  control  components.  The  basic  ascent  trajectory  and 
sequence  of  operations  for  the  proposed  satellite  are  predicated  on  many 
of  the  features  of  the  Vanguajxl  design.  That  is,  there  are  two  phases 
of  powered  flight,  followed  by  a  coast  period  during  which  the  missile 
is  oriented  and  the  third  stage  is  spun  around  its  roll  axis  prior  to 
third-stage  ignition.  The  weight  of  the  satellite  package  discussed  in 
the  following  secion,  3OO  Id,  is  less  than  the  weight  carided  by  this 
section  in  the  Vanguard  vehicle  (approximately  5OO  lb). 

This  summary  discussion  of  the  Vanguard  second-stage  vehicle,  and 
the  performance  data  presented  in  Table  2,  are  based  on  Refs.  3  und  L. 

The  propulsion  package  (Aerojet  AJ-IO)  includes  a  7500-lb  thrust 
(vacuum  conditions)  rocket  engine  using  unsymmetrical  dimethylhydrazine 
(UDMH)  and  Inhibited  fuming  nitric  acid  (WIFNA)  as  propellants.  The  en¬ 
gine  is  regeneratively  cooled  and  is  gimbal -mounted  to  provide  thrust 
vector  control.  The  propellants  are  pressure-fed  to  the  thrust  chamber 
by  the  pressurizing  gas  (helium  augmented  by  a  solid  gas  generator).  The 
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Table  2 

VANGUARD  SECOND  STAGE 

Weight  Data 

Structure  .  150 

Powerplant  (including  tanks)  .  .  .  450 

Controls  and  guidance  . . 270 

Electrioal  system  .  150 

Dry  missile  weight  (less  upper  stage).  .  . 

Residuals . 60 

BuiVi-out  weight  (less  upper  stags)  .  .  .  . 
Usable  Propellants  .......  1520 

Gross  stags  weight . . 

Performance  Data  (vacuum  conditions) 

Thrust . .  7500  lb 

Specific  impulse  .  .  .  278  sec 


1020 

lOGO 

4400 
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pressurization  system  (helium  tank)  is  located  between  the  propellant 
tanks.  After  main-stage  bum-out,  the  residual  pressurizing  gases  are 
used  in  the  control  jets  for  orientation  control  during  the  coasting  phase 
of  the  trajectory. 

The  second-stage  structure  includes  an  aft  skirt,  tank  section,  and 
the  forward  instrument  and  housing  section.,  The  aft  section  is  constructed 
of  a  magnesium  alloy,  viiile  the  tank  section  (with  the  integral  pressuriza¬ 
tion  sphere)  is  heat-treated  stainless  steel.  The  forward  instrunent  and 
housing  section  are  of  a  magnesium-thorium  alloy.  This  section  houses 
the  guldanca  equipment,  the  spin  assembly,  dnd  the  third-stage  solid  pro¬ 
pellant  rocket.  The  satellite  (orbiting  stage)  is  attached  to  this 
section  as  shown  in  Fig.  F-2. 

THIRD-aTAGE  ROCKETT 

Thd  long-range  ascent  path  for  this  type  of  satellite  requires  the 
addition  of  only  a  small  velocity  increiaent  (about  450  ft/seo)  to  place 
the  vehicle  in  orbit.  A  shorter  accent  path  would  permit  a  heavier  pay- 
load  to  bo  carried, but  the  increased  AV  required  for  the  orbit  would 
call  for  a  larger  unguided  solid-propellant  rocket  than  is  stipulated 
here,  with  attendant  undesirable  increases  in  ang\ilar  Md  velocity  errors 
(sea  Appendix  E).  Uncertainties  in  the  total  impulse  of  the  solid  rocket 
(about  1  per  cent)  could  be  expected  to  vary  the  actual  velocity  increment 
by  1  per  cent  or  about  5  ft/seo  for  the  selected  trajectory,  which  can 
easily  bo  tolerated. 

The  design  of  the  solid  third-stage  rocket  is  based  on  a  shortened 
Scale-Sergeant  case  and  grain  using  Vanguard  third-stage  propellants, 
which  gives  245  osc  specific  impulse  at  altitude.  The  propellant  weight 
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of  20  lb  with  an  inert  weight  of  6  lb  will  give  the  required  velocity 
increment  of  4-50  ft/sec. 

SATELLITE  3TA.GS 

For  this  discussion,  the  satellite  stage  is  divided  into  three  major 
components 5  the  photographic  installation,  the  recovery  system,  and  the 
structure.  The  photographic  equipment,  discussed  in  Appendix  B,  is  con¬ 
sidered  to  be  packaged  in  a  short  cylindrical  section  (35  inches  in  dia¬ 
meter,  6  inches  in  length)  as  shown  in  Fig.  1  on  p.  5  (a  hole  is  provided 
to  allow  packaging  the  rocket  case  as  shown  in  the  figure).  A  list  of 
the  components,  and  the  aetlmated  weights  are  included  in  Table  3« 

The  recovery  system  includes  the  tracking  and  recovery  beacoii,  and 
the  retro-rocket  which  is  the  heaviest  single  component  in  the  Satellite. 

For  simplicity  it  is  suggested  that  the  entire  satellite  be  recovered  for 
the  12  inch  camera.  As  larger  cameras  are  incorporated,  it  may  be  de¬ 
sirable  to  recover  only  the  film  package,  allowing  a  greater  percentage 
of  the  satellite  to  be  utilized  for  useful  payload. 

For  the  design  proposed  in  this  report,  the  retro-rocket  delivers 
approximately  1500  ft/sec  velocity  increment  to  initiate  descent  from 
orbit.  The  Sacle-Sergeant  motor  is  adequate  for  this  application.  Weight 
of  the  retro-rocket  is  about  22  per  cent  of  the  total  weight  of  the  orbiting 
stage.  Table  4  summarizes  the  weight  breakdown  of  the  recovery  system. 

The  basic  configuration  of  the  satellite  is  a  modified  double  cone 
with  spherical  ends  as  shown  in  Fig.  2  on  p.  6,  The  forward  surface  is 
covered  with  a  plastic- fiberglas  material  for  heat  protection  through 
vaporization  during  re-entry.  The  shell  is  constructed  of  a  magnesium 
allow  stiffened  with  a  honey-comb  or  foam  plastic  for  rigidity.  The  aft 
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Table  3 

PHOTOGRAPHIC  INSTALLATION  WEIGHTS  (lb) 


Camara  System . .  . . 51«5 

Lens  it  lens  mount . 20 

Film  &  film  spools  . . 12,5 

Film  transport  .  5 

Slit  plate . 1 

Quartz  window  . . 3 

Motor  and  b  attery . 10 

Altitude  Sensor  . .  8.5 

Window  .  . . 0,5 

Sun  sensor  . . . . 1. 

Battery  . . 3.0 

Clock . ,  ,  ,  ,  .  1,0 

Miac.  .........  . 

Container  ..............  .  20 

Metal  parte . 15 

Blivlronment  . . 5 


Total  Installation  Weight 


80 
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Table  4 

REGOVBRT  3T3TS1^  WEIttHTS  (lb) 

Retro-rocket  . . .  .  .  .  60 

Propallanta  .  . 51 

Inert  parts  . 9 

Tracking  beacon . 16 

Beacon 

Transponder 

Battery 

Antenna  &  cable 

Recovery  beacon  .  9 

Beacon 

Battery 

Antenna  &  cable 

Total  installation  weight . 85 
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portion  of  the  shell 
for  heat  protection. 
Table  5. 
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structure  is  covered  with  a  thin  plastic  coating 
A  summary  of  the  structural  weights  is  given  in 
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Table  5 

STRUCTURS  WEIGHT  SU:-MAR1  (lb) 


Metal  skin .  15 

Heat  shield .  65 

Aft  plastic  covering  . . 10 

Plastic  foam .  40 

Total  structure  v/elght . 130 
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49panfiii5  G 

R„  T.  OaWas’ 

l^aeklag  the  raeennalflsaiiee  aatellite  will  he  raquls^d  to  eetablish 
ea  o?hlt  ffufflsiently  aeeurata  for  eoordlaGtlon  of  photographic  data,  for 
triggering  the  ratro-rooket  at  the  daoifyd  tima  foi?  uASbCeiut,  and  for 
GBtabliahlng  the  daaoeat  path  to  faollltate  Impaet  leeatlon,  Beeauso  of 
the  noer-pelor  oshit,  leeatlon  of  tracking  atatlene  at  high  latitudes  will 
ba  favored  „  The  s?oquired  number  and  location  of  traskara  will  be  dictated 
partly  by  the  guldaaee  acQuraey  on  which  one  oea  depend. 

Since  tracking  accuracy  detorioratao  at  low  elevation  anglea,  it  is 
highly  impojrbant  that  the  flatelllto  peujo  within  a  range  ^lich  permlto 
ouffleient  tracking  data  to  be  obtained  at  elovatloa  aaglee  greater  than 
20®.  Por  a  ncsnlnal  150-milG  (statute)  height,  this  requires  that  the 
oatelllto  pass  within  5®  of  the  station  (noasured  on  a  great  elrole  path), 
or  vlthia  545  miloo  groiind  range.  To  ensure  against  guidance  inaccuracy  in 
launching,  it  I0  suggested  that  two  or  three  trackers  he  used  in  an  arrange- 
raent  which  generally  places  them  with  a  200  mile  east-west  separation. 

For  a  lauachiog  fren  Cai^  Cook  and  recovery  in  the  Pacific,  this  would 
Indicate  Alaska,  as  a  favored  location  for  these  trackers,  from  ^ieh  the 
descent  would  he  coJBaianded  and  the  impact  point  predicted.  Three  such 
traekore  located  at  a  reasonable  hl^  latitude  in  the  oastena  part  of  the 
United  States  or  Canada  would  be  requlrod  to  track  an  early  pass  for  orbit 
prediction. 

Tracking  data  would  ba  in  the  foim  of  two  angles  and  a  range  to  give 
position  fixes  necessary  for  orbit  prediction.  A  mlnimuHi  of  two  poeltlons 
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aad  the  eorroepeadlag  tliaa  ore  iraquir-odo  Additional  troeklDg  data  -yould 
neeosBarily  ba  uead  In  redueing  the  ef^cet  of  noiao  errors »  The  use  of 
range  Information  ralaxeo  eonoldarably  the  requirement  for  angular 
oeeuraeyo  To  ©btaia  remgo,  a  transponder  In  the  satellite  1b  requlrad„ 
Thlo,  howaver.  Is  eonslatent  with  tho  r8q\ilreiaQnt  for  a  eonmiead  reoelvor 
la  the  aatellite  for  firing  tho  retro=rookato  For  a  GW  system,  modulation 
of  a  esnanaad  tronaalttar  at  the  traeker  cmd  resaodulation  la  the  satellite 
In  a  moaner  similar  to  that  used  hy  Azuea  for  range  raseauremeat  lo  a 
foaslhle  Bohemao 

The  froquanelee  uoed  would  ha  aemlnally  500  me  for  the  aatallite 
troaemittar  and  hOO  bs  for  the  grouad-oaumiiuiu.  transmitter.  Since  circuit' 
polai’izatlon  la  required,  tho  catelllta  antenna  would  he  a  turnotile  or 
helleal  deoign  so  located  that  the  Inertial  orientation  of  the  vehicle  \j111 
point  the  axla  of  the  antenna  toward  the  traeker  to  within  at  least  6o°. 
ADipl-ttuda  modulation  of  the  output  stage  of  the  aatoUite  transnd-tter, 
which  will  have  a  eryotol-offatrolled  master  osolUator,  will  permit  track¬ 
ing  la  angle  hy  either  aa  intorferoaeter-type  system  or  a  conical  scanning 
ayetem.  It  would  permit  range  measurojasat  to  he  made  hy  phase  c<aig>arlBoa 
of  the  modulation  frequency  \diJ.eh  lo  transmitted  one  way  on  e  acminal 
aoo-mc  carrier  and  hack  on  a  nominal  500-Bje  carrier. 

For  a  satellite  at  I50  (sto.tute)  mllee  height  on  a  circular  orhit,  a 
velocity  Inerement  of  I5OO  ft  par  oec  delivered  along  the  loagltudlutul 
axio  when  the  vehicle  io  at  65°  N.  Lat.  (over  Alaska)  will  cause  a  descent 
to  about  200,000  ft  altitude  in  about  6  minutes  with  Impact  about  3*5 
minutes  later.  If  ccsmmandsd  at  63®  N.  Lot,  the  impact  win  occur  at  about 
32®  N,  Lat.  Qsnerally,  it  would  ha  preferred  that  the  satellite  pMS  near 
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the  zonith  with  roopset  to  tlie  traeke*-  otoeo  thio  gives  the  masslmuB;  affiount 
of  useful  traekiag  data,  but  eonvxsntlcsml  rodoi”  tx-oekers  are  not  glaballed 
bo  yenait  tratikliig  through  the  ZQaith„ 

Prelisalaary  astlmatas  Ijidieate  that  a  traeter  ^Ailch  ea«  mesisure 
aaglea  to  about  0«1  mil  and  range  to  about  0.1  ml  of  aystematle  arror, 

■yill  t*.  pr^dic*bloJi  iUnpEid!*  pois't  t-o  siboulr-  3  ~  ne 

lo  oeocaaplleiiad  after  the  doseent  has  bean  eemnemdad.  Anglh  Information 
good  to  about  0.1  mil  (oyotematie  error)  eaa  be  obtained  from  either  o 
eonlGal-aeon  syoteia  ox’  on  intorferemetor  typo. 

A  CH*typQ  traaopondar  eaa  bo  desired  with  smallor  spaco  ond  weight 
roqulremaat  la  the  vehlela  than  a  pulse  system  with  ths  raqulred  perfor- 
manee.  It  is  estimated  that  a  pulse-type  transponder  ean  be  adapted  frc«i 
oa  exlotiag  deolga  and  wlU  weigh  about  I5  pounds  with  power  supply.  A 
ev^-typa  qouM  bo  built  to  weigh  about  10  pounds  with  power  supply. 

Slneo  early  availability  lo  of  paramount  iaq>ortaaQe,  one  shou3.d  pro= 
bably  eonsldar  adapting  an  existing  traekiag  radar  suoh  as  the  VPS-lS,  or 
Nike  miBolle-tracking  radar  to  do  the  job.  This  would  ragplre  modification 
of  the  range  oircxilto,  at  least  in  tho  Niks.  If  one  considers  the  use  of 
ohipbomo  radars  and  probably  reduced  accuracy  in  pradletlon,  the  SP&-49 
is  o  good  possibility. 

Pot  a  recovery  beacon  it  is  proposed  that  a  spring-ejected  whip 
antenna  be  extended  vertically  through  the  satellite  skin  after  impact. 

The  anteuiic.  wiH  be  excited  by  a  50  mo  ooclUator  designed  to  x'adlate  about 
0.25  watt.  The  signal  strength  at  50  miles  would  be  about  55  pv/mater 
which  should  be  adequate  for  airborne  direction  finding.  The  estimatQd 
wel^t  for  this  desi^,  for  a  5-day  aeration,  totals  about  5  pounds  for 
the  transmitter,  antenna,  and  batteries. 
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C.  Gazloy,  Jr. 


DEPAHTURB  FROM  ORSrr 

DeacGSit  f5?oia  the  oi*blt  is  achieved  by  the  command  firing  of  a  braking 


rocket  aa  descriheu  in  nof .  1. 


S iuCe  the 


vehicle ’u  OriuiitatiOu  is  cOiiui«» 


tioned  by  the  geomatry  necessary  for  photography  of  a  specific  area,  and 
because  of  the  relative  positions  of  tiiat  area  and  the  desired  reco'Yery 
area,  the  braking  rocket  is  fired  forvrord  and  upuord.  This  results  in  a 
downward  and  backward  velocity  Irapulse  euparlmposed  on  the  orbital  velocity. 
The  resulting  velocity  vector  is  oriented  downward  at  an  angle  7  with  the 
local  horizontal  (Fig.  H-l).  The  vehicle  is  now  effectively  In  a  ballistic 
trajectory  eoEtparnblo  bo  the  'lou=anglc’  (i.c.,  Icsuor  than  optimum)  path 
of  a  long“range  ballistic  mlBoile. 

For  the  desired  i-ange  of  about  2,000  n  mi  and  an  Impulse  angle 
0  o  110-125°,  a  velocity  Ispulse  1,500-2,000  ft/seeond  is  required. 

This  yields  a  resultant  velocity  i  2li-,0O0  ft/seeon.d  and  a  path  angle 
7  a  DoBcent  from  this  point  follows  a  'vacuum'  path  down  to  an 

altitude  of  about  250,000  ft.  Below  this  oltltudo,  atmospheric  drag 

» 

of  facts  increase  and  ultiraatoly  prodomlcato  over  gravitational  Influoncoo. 
Vacuum  ranges  are  shown  in  Fig.  H-5  as  a  fxuiction  of  the  magnitude  and  angle 
of  the  velocity  increment.  Descent  from  the  orbital  altitude  to  250,000  ft 
is  accompanied  by  a  velocity  lucrouse  to  25,500  ft/socond  and  an  angle 


The  altitude  region  whore  drag  becomes  iinportant  depends,  of  course, 
on  the  drag-KftSG  eharactoristlcs  of  the  body. 
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Fig.  H-1 — Vehicle  orientation  in  orbit  and 
at  time  of  velocity  increment 
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^-2-Condltlons  at  altitude  of  250,000ft  as  a  function 

of  magnitude  end  angle  of  velocity  increment 
Circular  orbit  =  150  statute  miles 
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Increase  to  7  =  or  5°.  Conditions  at  this  altitude  are  shown  in  Fig.  H<-2 
as  functions  of  the  in^itilse  characteristics. 

Radio  observation  of  the  vehicle  immediately  after  the  beginning  of 
descent  establlshea  a  predicted  vacuum  path.  This,  together  with  estimated 
atmospheric  effects,  enables  a  prediction  of  an  approximate  Ingact  area. 

The  problem  is  similar  to  that  described  previously  for  the  recovery  of  a 
scientific  satellite  through  natural  decay  of  the  orbit, In  that  case, 
the  predicted  impact  area  was  a  narrow  strip,  a  few  miles  wide  and  several 
hundred  miles  long.  In  the  present  case,  the  steeper  descent  results  in 
a  smaller  uncertainty  in  range  error.  Final  recovery  is  accomplished  by 
overflight  search,  Tlsls,  of  course,  requires  operation  of  the  radio  bea¬ 
con  after  the  water  ii^ct. 

ATMOSPHERIC  DRAG  AND  DECELERATION 

The  effect  of  the  earth's  atmosphere  on  the  vehicle's  path  and  velo¬ 
city  is  dependent  both  on  the  approach  path  and  on  the  vehicle's  mass- 
drag  characteristics.  For  even  a  rather  shallow  entry  angle  (say  5°  or 
more) ,  the  path  in  the  atmosphere  is  essentially  linear  -  at  least  until 
after  appreciable  deceleration  and  heating  have  occurred.  For  this  type 
of  path,  an  approximate  analysis^^^  is  sufficiently  accurate  for  estimation 
of  deceleration  and  heating.  By  this  analysis,  the  velocity  altitude  varia¬ 
tion  is  given  byj 

-  *^31  (j 

^  „  g  W  Bln  7  aa  H) 
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The  velocity-altitude  variation,  as  given  by  this  equation,  is  shown  In 
Fig.  H-3  for  aeveral  valuea  of  the  drag-mass  parameter,  CjjA^/w  sin  8.  It 
is  seen  that  similar  curves  result,  with  relative  displacements  for 
various  values  of  the  drag-mass  parameter.  The  maximum  deceleration 
occurs  when  the  velocity  has  been  reduced  to  about  6l  per  cent  of  the 
initial  val\ia.  The  maxiimaii  deceleration  is  independent  of  the  vehicle's 
size,  shape,  and  mass  and  is  dependent  only  on  the  initial  velocity  and 
on  the  entry  angle.  For  the  present  case,  the  maximum  deceleration 
amounts  to  about  20  g's.  The  altitude  of  maximum  deceleration  is  depen¬ 
dent  on  the  entry  angle  as  well  as  on  the  drag-mass  characteristics  of  the 
body. 

As  in  any  preliminary  design,  the  tentative  choice  of  parameters 
Involves  a  cyclic  process  in  which  considerations  of  structure,  heating, 
recovery,  etc,,  all  contribute  to  the  final  choice.  Although  the  reasons 
for  choosing  various  phases  of  the  vehicle  design  will  be  developed  in 
this  Appendix,  it  is  necessary  for  discussion  purposes  to  describe  that 
design  here.  The  vehicle  is  essentially  an  ellipsoid  with  a  maxiaum  dia¬ 
meter  of  about  5  ft.  While  Its  orbital  weight  is  300  lb,  about  50  lb  (of 
propellant)  is  used  to  initiate  descent  from  orbit,  so  that  the  weight  at 
atmospheric  entry  is  about  250  lb.  This  results  in  a  drag-n»SB  parameter, 
CjjA|,/W  sin  7  =  0.155  sq  ft/lb,  which  yields  the  valoclty-altltude  varia¬ 
tion  shown  by  the  dotted  line  in  Wg.  H-h.  A  maxiiitum  deceleration  of  about 
20  g's  occurs  at  110,000  ft  altitude.  Choice  of  the  weight  stemmed  from 
booster  capabilities  and  desired  payload,  size  and  shape  evolved  from 
considerations  of  i»ckagit:g  and  of  heating  and  recovery.  The  film  package, 
radio  beacon,  antenna,  batteries,  etc.,  are  arranged  to  preserve  entry 
stability  and  permit  recovery. 
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Fig,  H-3' — Vacuum  descent  range  as  a  function  of 
magnitude  and  angle  of  velocity  increment 
Circulor  or  bit  =  1 50  statute  miles 
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As  previously  noted,  the  orientation  of  the  vehicle  is  controlled  by 
a  moderate  spin  rate  so  that  the  vehicle  is  properly  oriented  for  photo¬ 
graphy.  The  original  orientation  will  be  approximately  preserved  during 
the  first  part  of  the  return  trajectory,  so  that  initial  atmospheric  entry 
will  be  rear-end  first.  By  displacing  the  center  of  gravity  toward  the 
front  of  the  body,  aerodynamic  forces  can  be  made  to  re-orient  the  body. 
The  design,  of  course,  should  be  such  that  the  re-orientation  is  completed 
before  heating  is  appreciable.* 

Ultimately  the  body  falls  vertically  at  terminal  velocity: 


which  results  in  an  Impact  velocity  of  about  400  ft/second  for  the  body 
described. 


RB-EEiTRY  HEATING  AND  SURFACE  PROTECTION 

During  penetration  of  the  atmosphere,  a  vehicle's  kinetic  energy  is 
converted  into  thermal  energy  of  the  surrounding  air.  Some  of  this  thermal 
energy  is  transferred  to  the  body  as  heat.  The  rate  of  this  transfer 
varies  during  descent  both  with  air  density  and  vehicle  velocity.  Heat 
is  transferred  by  both  convection  and  radiation  from  the  hot  gas  'cap' 
over  the  front  of  the  body  to  the  body's  surface.  The  rates  of  both  con- 


A  similar  woblem  occurred  in  the  case  of  the;  recovery  of  a  circum- 
lunar  vehicle. A  dyimuaic  analysis  indicated  that,  for  an  essentially 
backward  initial  entry,  the  vehicle  becomes  righted  at  an  altitude  of  about 
250,000  ft.  It  then  oscillates  about  the  desired  orientation;  as  the  alti¬ 
tude  decreases,  the  oscillations  decrease  in  magnitude  and  increase  in  fre¬ 
quency.  The  predicted  amplitude  was  about  10°,  and  the  frequency  about  15 
cycles/second  in  the  region  of  maximum  heating  and  deceleration. 
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vectlve  and  radiative  heat  transfer  increase  with  air  density  and  vehicle 
velocity,  and  are  thus  most  severe  when  high  velocities  are  allowed  to 
persist  into  the  lower  atmosphere. 

Below  about  300,000  ft  altitude,  the  atmosphere  is  dense  enough  to 
give  an  effective  continuum  type  of  flow.  Here  a  shock  wave  occurs  ahead 
of  the  body  and  the  thermal  energy  appears  in  the  hot  'shocked'  air  be¬ 
tween  the  shock  wave  and  the  body.  Passage  through  the  shock  wave  increases 
the  air  density  by  a  factor  of  ten  or  so,  increases  the  temperature  ten-  to 
fifty-fold,  and  causes  appreciable  dissociation  and  some  ionization.  Heat 
is  transferred  from  this  heated  region  to  the  vehicle  surface  by  convection 
(and  conduction)  through  the  viscous  boundary  layer  and  by  radiation  from 
the  hot  gas.  yhen  the  boxmdary  layer  is  of  the'  laminar  type  (say  above 

about  100,000  ft  altitude),  the  convective  heating  rate  per  unit  frontal 

(k) 

area  may  be  approximated,  for  relatively  blxmt  bodies,  as'  ’ 


(J-) 


"BL 


LC 


/  H©\  - 

V'  SL 


a  u 


(5) 


It  will  be  noted  that  this  indicates  a  variation  in  heating  rate  per  unit 
surface  area  with  the  sine  of  the  angle  of  surface  inclination,  A  turbu¬ 
lent  boundsiry- layer  condition,  occurring  in  the  lower  atmosphere,  results 
in  heating  rates  which  are  higher  by  about  an  order  of  magnitude. 

Surface  heating  by  radiation  from  the  hot-gas  region  Is  still  soma- 
what  a  matter  of  conjecture.  Preliminary  work,  however,  indicates  that 
it  becomes  appreciable  only  when  very  high  velocities  are  allowed  to  per¬ 
sist  into  the  lower  atmosphere.  For  the  present  case  it  is  Judged  negli¬ 
gible  . 
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The  heating  rate  increases  during  the  initial  stages  of  entry  because 
of  the  increasing  atmospheric  density.  Hovever,  it  reaches  a  maxlmuin 
value  when  the  velocity  has  been  reduced  to  about  80  par  cent  of  its 
initial  value  where  the  rate  of  decrease  of  velocity  overconiss  the  rate 
of  increase  of  atmospheric  density.  Tliereafter,  the  heating  decreases  as 
additional  deceleration  occurs.  As  described  more  ejctenslvely  elsewhere^^^ 
the  aerodynamic  heat  input  can  be  balanced  by  thermal  radiation  from  a  thin 
loetalllc  skin  providing  the  heating  rate  is  low  enough  so  that  the  maximum 
equilibrium  surface  temperature  is  allowable  for  the  surface  material. 
However,  this  requires  a  rather  light  body  or  a  drag-broke  device  so  as 
to  provide  deceleration  high  in  the  atmosphere.  In  the  present  case,  for 
the  sake  of  sinplicity,  such  complexity  is  not  desired.  Therefore,  the 
radiation  technique  of  heat  rejection  has  been  discarded  in  favor  of  some 
means  of  heat  absorption. 

One  possibility  is  the  use  of  a  thick  metallic  skin  to  absorb  the 
heat  by  teiiq>erature  rise.  Such  a  system  Is  not  very  efficient  from  a  weight 
standpoint,  however,  absorbing  only  about  100  Btu/lb,^^^  More  efficient  is 
the  use  of  a  surface  material  which  absorbs  heat  by  a  phase  change.  Heat 
absorptions  of  the  order  of  1,000  to  5,000  Btu/lb  or  more  appear  to  be  ob¬ 
tainable  through  the  use  of  a  material  which  vaproses. ^ For  example, 
it  has  been  estimated  that  the  depolymeriaation  of  Teflon  will  absorb  some¬ 
what  more  than  1,000  Btu/lb, other  plastic  materials  yield  values  up  to 
5,000  Btu/lb,^^^  and  graphite  gives  a  value  in  the  order  of  10,000  Btu/lb. 
Advanced  IC3M  re-entry  body  designs  involve  the  use  of  such  ablation  systoms, 
and  the  Jupiter  currently  uses  such  a  system.  The  required  weight  of  such 
a  vaporizing  surface  material  depends  on  the  total  heat  input  during  atmos- 
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pherlc  penetration,  if  we  integrate,  for  emmple,  the  laminar  convective 
heating  rate  (Eq.  (3))  over  the  time  of  entry,  the  total  heat  load  is  found 


to  he; 


D  c 


3v«  V  V  TTO 
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LC 


to.ln,  /S) 

V  o  Y  sL 


and  for  a  surface  material  having  a  heat  absorption  per  unit  weight,  7, 
the  weight  of  cooling  system  is  found  to  be,  in  ratio  to  the  total  weight,* 
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This  aquation  yields  the  rather  surprising  conclusion  that  the  cooling- 
system  weight  requirement  increases  with  the  drag-mass  paraioeter.  A 
somewhat  similar  expression  can  be  derived  for  turbulent  convective 
heating.  A  qualitative  picture  of  the  weight  requlremantB  for  a  cooling 
system  or  drag  brakes  is  indicated  in  Fig.  H-5  as  a  function  of  the  drag- 
mass  parameter.  Two  minima  appear:  one  where  the  drag-mass  parameter  is 
slightly  greater  than  that  which  would  bring  about  heating  in  the  lower 
atmosphere  with  consequent  higher  turbulent  heating  rates,  the  other 
where  the  drag-mass  parameter  is  Just  large  enough  so  that  radiative  heat 
transfer  is  possible  and  yet  not  large  enough  to  require  a  large  weight 
in  drag  brakes.  To  avoid  the  complexity  of  drag  brakes,  the  first  of  these 


This,  of  course,  presupposes  that  the  ratio  W  /w  is  relatively  small 
compared  to  unity,  since  the  velocity  variation,  Eq.  (l),  assuiaee  a  constant 
mass.  For  larger  values  of  the  weight  ratio,  a  meteor-type  analysis  which 
takes  into  account  the  changing  mass  would  have  to  be  used. 
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minima  was  choBen.  Tha  choice,  as  descvibed  previously,  is  an  ellipsoidal 
body  about  3  ft  In  diameter  and  weighing  250  lb  at  the  beginning  of  re-entry. 

Because  of  the  shallow  angle  of  atmospheric  entry,  the  aei-odynamic 
heating  rates  for  this  recovery  are  lower  than  those  experienced  by  an 
ICBM  re-entry  body.  However,  the  more  gradual  deceleration  Involves  a 
longer  time  of  heating  so  that  the  total  heat  load  Is  greater,  us  Eq.  (5) 
Indicates.  This  means  that  a  greater  fraction  of  the  total  weight  is  re¬ 
quired  for  heat  protection.  Thus,  while  only  about  5  per  cent  of  the 
total  weight  of  an  ICBM  re-entry  body  may  be  ablated,  the  present  case 
involves  somewhat  more  than  10  per  cent. 

Using  a  vaporizing  material  with  a  heat-absorbing  ability  of  2,500 
Btu/lb,  about  35  Ih  of  surface  material  is  predicted  to  vaporize  during 
descant.  Using  a  relatively  generous  factor  of  safety,  65  lb  of  heat- 
abaorbing  surface  has  been  postulated  for  this  vehicle.  This  corresponds 
to  an  average  thickness  of  about  5/8  in.,  with  about  one-half  ablating 
and  one-half  remaining. 

WATER  IMPACT  PHENOMEMA^^^ 

In  an  initial  program  for  the  recovery  of  the  satellite,  It-would  be 
desirable  to  keep  the  return  package  as  simple  as  possible.  This  would 
increase  our  ability  to  predict  reliably  the  behavior  of  the  vehicle 
during  its  re-entry.  Therefore,  a  mlnimmn  of  reliance  should  be  placed 
on  such  devices  as  drag  brakes,  parachutes,  reverse  rockets  and  the  like, 
just  before  impact.  The  satellite  must  survive  impact  on  return  to  earth 
and  the  radio  beacon  must  continue  to  operate  after  impact. 

Analysis  shows  that  the  internal  equipment  can  be  protected  and  the 
deceleration  loads  kept  to  below  1,000  g's. 
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The  film  package,  heacon  and  batteries  are  connected  to  the  forebody 
by  means  of  a  proiwrly  chosen  plastic,  with  properties  compatible  with 
the  deceleration  loads  that  can  be  tolerated  by  the  internal  components 
(several  plastic  materials  with  suitable  combination  of  properties  are 
available) . 
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SYMBOLS  FOR  APPENDIX  H 


frontal  (croBB-sectloml)  area  of  body 

A  surface  area 

3 

Cq  drag  coefficient 

d  characteristic  diiiienslon  of  body 

e  base  of  natural  logarithms 

g  gravitational  acceleration 

h  altitude 

M  Mach  number 

q  heating  rate 

Re  Reynolds  number,  dup/n 

u  velocity 

Uj  velocity  at  initial  entry  condition 
W  mass  of  body 

X  distance 

a  exponential  coefficient  in  density  relation,  o  n 

p  atmoapheric  density 

atmospheric  density  at  sen  level 
a  density  ratio,  p  p 

y  path  angle  with  local  horizontal 

u  viscosity 

Subscripts 

LC  laminar  connection 
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Appendix  J 

OH  THE  I!m)RMATION  DELIVERED 
T.  F.  Burke,  H.  E.  DavleB,  A.  H.  Katz 

There  are  several  different  vrays  to  measure  the  Information  content 
of  a  picture,  and  hence  to  assess  the  worth  and  rate  of  delivery  of 
reconnaisauiice  information  from  a  satellite.  From  the  stendpolnt  of  info 
mation  theory  and  communication  engineering,  it  is  customary  to  calculate 
the  number  of  bits  Involved  and  to  evaluate  the  amount  and  rate  on  this 
basis.  However,  every  discernible  leaf  on  a  tree  and  patch  of  cloud 
is  counted  as  information  on  this  basis,  and  the  photo-interpreter  finds 
this  a  strange  measure  Indeed.  He  prefers  to  evaluate  photography  in 
terms  of  useful  detail  he  can  see  in  the  picture  and  the  extent  of  the 
usable  coverage.  These  are  subjective  Judj$r.ents  which  depend  not  only 
on  the  picture  but  also  on  the  use  to  which  it  is  put,  and  may  be  poorly 
correlated  ^hlth  the  number  of  bits.  Between  these  extremes,  and  perhaps 
serving  as  a  bridge  between  them,  is  the  assessment  in  terms  of  scale, 
resolution,  and  area  covered.  In  this  appendix  the  proposed  system  is 
approximately  evaluated  from  each  of  these  three  viewpoints. 

From  the  information  theory  and  communication  viewpoint,  the  infor¬ 
mation  content  of  a  picture  is  equal  to 

2581  N^A  log^  G  bits 

where 

N  =  photographic  resolution  in  lines/mm 

A  =  area  of  the  picture  in  square  inches 

G  =  number  of  distinct  levels  of  grey  in  the  photograph. 
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(The  factor  2581  consists  of  a  factor  of  4  to  convert  photograpiilc  lines 
to  electronic  scanning  lines  and  a  factor  to  reconcile  the  mixed-up 
dimensional  units  in  N  and  A. ) 

This  expression  tacitly  assumes  complete  equivalence  of  a  photograph 
and  its  TV  replica  when  each  photographic  'line'  is  covered  by  two  elec¬ 
tronic  'lines'.  Unfortunately,  it  is  not  at  all  clear  that  such  a  replica 
is  indeed  equivalent.  At  least  in  part  this  results  from  the  uncertainty 
with  which  photographic  resolution  is  related  to  recognition  of  pictorial 
details;  it  is  well-known  that  a  photo-interpreter  often  can  see  detail 
which  he  'shouldn't'  be  able  to  see.  Consequently,  the  expression  above 
is  best  regarded  as  a  lower  limit  to  the  number  of  bits  contained  in  a 
picture.  A  better  guess  might  be  about  10  times  this  expression. 

Insofar  as  photographs  at  different  scales,  resolutions,  and  contrasts 
are  equally  well  assessed  by  the  expression  above,  it  provides  a  means  to 
compare  the  Information-collecting  capabilities  of  various  photographic 
systems.  However,  for  most  practical  purposes  this  expression  is  needlessly 
complicated  by  the  factor  log^  G.  Consider  the  following  table  which  spans 
the  range  of  probable  interest. 


Number  of  distinct  greys  iog^  Q 

6  2.58 

8  5.00 

10  5.5^ 

12  5,58 

15  5.91 

20  i» .  52 

50  4.91 

‘tO  5 . 52 


Relative  information  content 

0.661 

0.768 

0.850 

0.918 

1.000 

1.106 

1.256 

1.562 
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The  last  column  of  the  table  has  been  centered  arbitrarily  on  G  =  15 
In  order  to  point  out  that  the  information  content  of  a  picture  is  fairly 
insensitive  to  the  number  of  grey  levels.  If  it  is  assumed  that  all  pic¬ 
tures  exhibit  about  I5  levels  of  grey  the  estimate  arrived  at  is  not  likely 
to  be  vrrong  by  more  than  50  per  cent.  In  view  of  the  other  uncertainties 
Involved  in  estimating  the  Information  content,  this  is  not  a  serious  error. 
Hence  the  original  expression  can  be  replaced  by 

10,000  N^A  bits. 

Using  the  foregoing  fairly  reasonable,  but  somewhat  arbitrary,  approach 
it  is  possible  to  tabulate  a  relative  comparison  of  photographic  systems; 
three  or  present  interest  are  shown  below. 


System 

Area 

A 

Resolution 

N 

No.  of.  bits 

One  conventional  9x9  aerial 
photo 

81 

10 

8.1  X  10^ 

One  day's  take  of  original 
Lockheed  satellite;  I5  feet 
of  2-1/4  inch  film 

405 

100 

4.05  X  10^° 

One  mission  of  recoverable 
system  proposed  here;  50O 
feet  of  k-X/2  inch  film 

27,000 

kO 

4.32  X  lO'^^ 

This  analysis  indicates  that  the  original  Lockheed  satellite  would 
deliver  each  day  the  infomnatlon-content  equivalent  of  eipproximately  ^00 
conventional  9*9  aerial  photographs,  further,  the  recoverable  system 
proposed  herein  would  deliver  in  one  day  (one  mission)  somewhat  more  than 
10  times  the  one-day  take  of  the  original  Lockheed  uatellite,  or  about  5300 
ordinary  9x9  photographs. 
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The  liifomotion- theory  approach  is  a  questionable  measure  of  the  worth 
of  all  this  Information,  because  It  ignores  -he  undeniable  influence  of 
such  factors  as  scale  on  the  practical  utility  of  the  photographs.  How¬ 
ever,  this  approach  is  fundamental  to  an  analysis  of  the  problems  of 
electronic  transmission  of  photographs  by  TV,  wirephoto,  or  similar  tech¬ 
niques.  A  transmission  channel  (radio  or  wire)  having  an  effective  band¬ 
width  B  cycles  per  second  can  deliver  at  most 
B  log.^  (1  f  S/K) 

bits  per  second.  Here  S/N  is  the  ratio  of  signal  power  to  noise  power 
at  the  receiver.  This  bit-rate  is  a  theoretical  upper  limit  and  cannot 
be  surpassed  by  any  system.  However,  real  systems  rarely  even  come  close 
to  this  limit.  For  favorable  values  of  S/N  (perhaps  10  db  or  better) 
the  theoretical,  value  can  be  approached  only  if  very  elaborate  coding 
schemes  are  used.  Such  elaboration  leads  to  high  cost,  high  complexJ.ty, 
low  reliability,  and  undue  sensitivity  to  changes  in  S/H.  Consequently, 
such  an  approach  is  rarely  used,  and  would  be  Inappropriate  in  a  satellite 
system.  To  assess  a  practical  situation  it  Is  more  appropriate  to  demand 
a  signal -to-noise  ratio  better  than  10  db  and  then  to  assume  an  information 
rate  of  B  bits  per  second  (something  between  l/j  and  l/lO  of  the  theoretical 
limit,  depending  upon  the  C/N  which  is  achieved.). 

Combining  the  two  expressions  above  yields  a  practical  lower  limit 
to  the  time  which  must  be  consumed  in  transmitting  a  picture: 


10,000 


A 


B 


seconds 


For  the  original  Lockheed  satellite,  using  B  =  6  x  10  (which  is  close  to 
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the  ir.Aximum  practical  value  at  preoent)  the  time  required  to  trr.nsmt  one 
day'o  talce  turns  out  to  be  112-l/'2  minutes. 

It  is  not  practical,  because  of  line-of-sight  limitations,  to  trans¬ 
mit  to  a  grot^nd  station  for  longer  than  about  10  minutes  on  any  one  pass 
of  a  500-mlle  satellite.  Such  a  satellite  makes  about  16  passes  per  day. 
Consequently,  the  dally  take  of  the  original  Lockheed  satellite  pretty 
veil  fills- the  communication  capacity  to  a  single  receiving  station,  even 
if  the  satellite  passed  over  that  station  every  time.  The  characteristics 
of  the  orbit  and  the  rotation  of  the  earth  prevent  the  satellite  from 
passing  over  a  single  station  on  every  pass,  and  so  several  stations  are 
needed  to  receive  the  112-1/2  minutes  per  day  of  transmission. 

The  early  recoverable  satellite  proposed  here  xrtll  achieve  about  10 
times  the  dally  take  discussed  above.  To  match  this  a  telemetering 
satellite  using  onJ.y  one  6  megacycle  channel  would  need  l8  j/'i-  hours  of 
transmission.  Such  a  schedule  would  be  out  of  the  question  because 
receivers  would  be  needed  on  the  oceans  and  in  unfriendly  territory.  The 
growth  potential  of  the  recoverable  satellite  is  such  that  later  ipodels 
may  well  deliver  20  times  as  much  information  per  day.  A  comparable 
daily  rate  by  telemetering  would  require  some  200  to  500  megacycles  of 
bandwidth  and  a  long-time  average  power  radiation  of  more  than  300  watts 
(not  including  any  power  consumption  aboard  the  satellite).  Such  numbers 
are  fantastic  in  terras  of  the  present  state  of  the  art.  They  point  up 
emphatically  the  intrinsic  virtue  of  physical  recovery  of  photographs. 

This  conclusion  is  quite  Independent  of  detailed  considerations  of  focal 
length,  format,  resolution,  etc.,  and  applies  as  fully  to  the  immediate 
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future  as  it  does  to  system  growth. 

The  foregoing  discussion  of  information  delivery  Is  certainly  rele¬ 
vant  to  the  military  geographer  and  mapper^  hut  It  is  not  couched  in  the 
quantities  to  which  he  is  accustomed.  The  area  covered  hy  the  proposed 
500  feet  of  1+  1/2  inch  film  is  4  million  squaVe  miles.  The  scale  at  the 
center  of  the  photograph  is  750,000.  Neglecting  earth  curvature,  the 
average  scale  at  the  far  point  of  the  sweep,  which  is  about  3OO  miles  wide 
for  a  nominal  design  altitude  of  about  140-150  miles,  is  approximately 
1,300,000.  (This  average  scale  is  the  geometric  mean  of  the  scales  in 
the  X  and  y  directions  on  the  photograph. ) 

The  photo  Interpreter  is  not  primarily  interested  in  either  of  the 
assessments  above;  he  is  concerned  with  what  he  can  see  in  the  picture. 

This  is  much  more  difficult  to  estimate,  first  because  there  la  so  little 
relevant  evidence  based  on  similar  small-scale  photography,  and,  second, 
because  this  estimate  is  so  dependent  upon  subjective  judgments.  The 
photo  interpreter  is  not  accustomed  to  looking  at  pictures  on  Plus-X 
Aerecon  film  at  a  resolution  of  40  llnes/mm;  he  is  used  to  looking  at 
Aero  Super  XX  at  10  lines/mm. 

A  rough  comparison  of  the  proposed  photography  with  presently  available 
photography  is  furnished  by  considering  lO-lines/mm  photography  at  scale 
numbers  of  about  200,000.  This  is  precisely  what  can  be  obtained  on  oblique 
metregon  photography  from  the  Air  Force  standard  tri-met  charting  instal¬ 
lation  at  altitudes  of  40,000-50,000  feet.  This  scale  number  occurs  out 
near  the  principal  point  of  such  photography,  about  50°  to  60°  off 
vertical. 
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Examination  of  such  photography,  and  of  the  available  rocket  photo¬ 
graphy  that  Is  applicable  to  this  qvxestlon,  leads  to  the  firm  belief  that 
the  proposed  camera  installation,  operating  at  a  ground  resolution  of  about 
60  feet  at  the  center  of  photography,  will  indeed  detect  most,  if  not  all, 
uncamouflaged  airfields,  transportation  lines,  canals,  rail  lines.  Indus¬ 
trial  centers,  and  the  like.  Port  areas,  marshalling  yards,  and  defense 
missile  sites  similar  to  those  in  the  Moscow  area  should  be  easily  Iden¬ 
tified  and  located.  If  previous  cover  is  available,  new  construction 
such  as  might  be  characteristic  of  large  missile  sites,  should  be  detected. 
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Appendix  K 

OW  THE  GROWTH  POTENTIAL  OF  THE  RECX3VERABI£  FIM  RECOMAIS3AHCE  SATELLITE 

M.  S.  Davies  and  A.  H.  Katz 

Clearly  the  major  emphasis  of  this  proposal  Is  on  the  first  and  the 
easiest  recoverable  photographic  reconnaissance  satellite.  This  version, 
the  12-lnch  f/3.5  camera  using  500  ft  of  5-inch  film,  and  based  on  the 
Thor  booster,  is  seen  as  the  first  of  a  series  of  such  cameras  and 
systems.  This  system  is  capable  of  doing  reconnaissance  at  Level  A  in 
adequate  detail.  As  one  learns  how  the  system  works,  gains  confidence  In 
satellite  operations,  and  understands  the  environmental  constraints  and  the 
Intelligence  problems,  it  becomes  possible  to  consider  more  advanced 
systems.  This  early  model  would  be  followed  by. a  56-lnch  focal-lcngth  camera 
system,  using  I5OO  ft  of  9“inch  film.  It  is  believed  at  this  time  that 
this  larger  camera  can  also  be  put  on  orbit  using  a  Thor-type  booster  system, 
with  a  maximum  payload-stage  weight  of  about  5OO  lb. 

This  second  reconnaissance  system  could  begin  to  do  job  B  in  the 
four  levels  of  reconnaissance  with  adequate  precision  and  detail.  For  the 
really  long  term,  considerable  growth  potential  may  be  anticipated  for  the 
panoramic  type  of  camera  system,  with  the  eventual  use  of  a  lO-ft  focal- 
length  system  employing  about  2500  ft  of  18-inch  film;  however,  this  camera 
would  require  not  the  Thor  but  the  Atlas  booster.  The  time  phasing. of  the 
several  projects  could  be  approximately  as  follows:  availability  of  12- 
lnch  systems,  one  year  from  date  of  contract;  availability  of  36-Jnch 
system,  I8  months;  availability  of  10-foot  system,  5  years  from  the  start 
of  work.  This  information  is  summarized  graphically  on  p.  21. 
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It  is  important  to  recognlzG  that  this  type  of  system  will  have  a 
usefulnese  into  the  indefinite  future,  even  after  the  availability  of 
satellite  reconnaissance  systems  which  are  able  to  tallc  back  to  the  ground. 
The  reason  for  this  lies  in  the  potential  usefulness  of  extremely  long 
focal- length,  recoverable  reconnaissance  systems.  For  reasons  discussed 
Appendix  J.  it  is  unlikely  that  the  capacity  and  detail-gathering 
capability  of  a  surveillance  satellite,  llmi.ted  as  it  is  by  bandwidth  hours 
to  talk  back  to  the  ground,  will  ever  approach  the  data  gathering  rate 
which  seems  to  be  available  within  a  few  years  in  the  long  focal-length 
recoverable  system. 

Table  1  compares  the  camera  performance  of  the  Lockheed  117L  6-in.  and 
56-ln.  systems  irlth  that  of  the  three  systems  dlseussed  in  this  report. 

It  was  not  the  purpose  of  this  report  to  develop  an  argument  either 
for  or  against  'talk-back'  satellites  vis  a  vis  recoverable  satellites. 
Clearly  there  is  a  role  for  both  kinds.  Some  Jobs  will  be  done  better  by 
one,  some  by  the  other.  They  should  be  complementary,  not  competitive. 
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Tatle  1 

SATELLITE  CAMERA  PERFORMANCE  COMPARISON 


Performance 

LMSD  I 

LMSD  II 

RA_ND  PAN  1  RAND  PAN  3 

RAND  PAN  10 

Focal  Length 

6  in. 

36  in. 

12  in. 

56  in. 

120  in. 

Altitude 

:500  mi 

300  mi 

11+2  mi 

1  i  •  r'*  ^4 

j-'+d  Hu. . 

9  li  '-J 

J-T£.  >U  i. 

Resolution  (llnes/iran) 

LOO 

100 

to 

40 

40 

Film 

microfile 

micro:f’ile 

Aerecon 

Aerecon 

* 

Aerecon 

■Strip  Width  8. ml. 

100 

16 

500 

300 

100 

■Lena  Speed 

f/3.5 

f/3.9 

f/5.5 

t/b.3 

1  Shutter  Speed 

to  """ 

I5o 

iiooo 

1  Center  Scale 

000, 000 

500,000 

750,000 

250,000 

75,000  • 

1 

lAverage  Edge  Scale 

3,000,000 

500,000 

1,300,000 

4>i0,000 

82,000 

^Ground  Resolution 

Feet  Per  Line  at 
'Center 

100 

16 

60 

20 

6 

jCround  Reaolutlon 
jPeet  Per  Line  - 
lAverage  at  Edge  of 
Format 

100 

It. 

105 

35 

6-1  2 

Total  Gx'ound  Area 
Covered  (aq,  ml) 

9,000,000 
10  days 

/50,000 

30  days 

t, 000, 000 
500  ft  X 

5  in.  film 
1  day 

2,900,000 
1500  ft  X 

9-1/2  in, 
film 

1  day 

750,000 

2500  ft  X 
18-1/2  in. 
film 

1  day 

Total  Film  Area 

29 

lb 

185 

1J.25 

3750 

Sq  FL 


The  film  here  called  Aerecon  lu  perhapa  more  properly  titled  Plux-X-Aerecon. 
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